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THE EFFECT INJECTIONS HEMOLYTIC STREPTO- 
COCCI SUSCEPTIBLE AND INSUSCEPTIBLE 
ANIMALS. 


(From the Department Bacteriology the College Physicians and Surgeons 
Columbia University, New York.) 


(Received for publication, August 1917.) 


The observations recorded this paper were made the course 
study streptococcus infection and immunity. order 
study the problem the immunization animals against strepto- 
coccus infection, was necessary first obtain clear picture 
possible the course the infection untreated animals. 
has been noted other workers, and borne out our own obser- 
vations, that bacteria introduced into the circulation the living ani- 
mals quickly disappear. was our first task study this phenome- 
non and possible find some means explaining it. 

found that with hemolytic streptococci, which are rather low 
virulence for rabbits, sublethal dose may completely disappear from 
the blood stream within few hours. lethal injection given, 
over per cent the cocci are removed from the circulation within 
the first few minutes, and subsequent blood cultures reach minimum 
hours, but after hours the number again begins in- 
crease. Even with lethal doses, cultures cc. blood may show 
colonies after hours, but, rule, streptococci not com- 
pletely disappear after such injection. The usual course 
primary removal shown the cultures taken after the first injec- 
tion recorded Experiment example complete removal 
shown Experiment 


Experiment injected with cc. heavy suspension Streptococ- 
cus 43. Cultures taken immediately showed several thousand organisms per cc. 
blood. After minutes, five drops blood showed only 23, and after 
minutes, after hour, hours, hours, hours, and hours, 17, 
and 118 organisms respectively. 
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The blood cultures subsequent those recorded the experiment 
were consistently positive until the death the animal the 4th 
day. The prompt and almost invariable removal organisms arti- 
ficially introduced into the circulation has been difficult harmonize 
with the fact that susceptible animals the organisms again appear 
the blood within hours, and may found constantly the 
circulation until death, cases spontaneous septicemia. 

There are four hypotheses which might account for this: first, that 
after period the blood-sterilizing mechanism becomes exhausted and 
permits bacteria remain the circulation; second, that the bac- 
teria after brief stay within the body become resistant its defen- 
sive powers; third, that the injection foreign protein stimulates 
some reaction such mobilization antibodies, phagocytes, 
which would account for the prompt and extensive preliminary 
removal the bacteria; fourth, that the bacteria not multiply 
the circulation, but are continually introduced from infected tis- 
sues faster than they can removed. 

The first possibility practically ruled out the fact that if, dur- 
ing the period the reappearance bacteria from the circulation, 
additional number many times excess those present intro- 
duced, they are removed rapidly, even more rapidly than after 
the first injection, and that this reinjection, and subsequent removal 
the bacteria, may repeated until the animal becomes moribund. 


This fact, originally observed well illustrated the follow- 
ing experiment: 


Experiment Removal Streptococci after Repeated rabbit 
weighing 1,620 gm. was injected into the ear vein with suspension Strepto- 
coccus containing 72,000 chains small clumps drops blood 
from the opposite ear were plated sheep blood agar the intervals noted. 

First Injection, 4.8 Cc.—Cultures taken after minute showed 60,000 colonies; 
sank 135, and after minutes, hour, and hours respectively; rose 
1,800 hours; showed 127, 150, and colonies after hours, hours, and 
hours, minutes respectively. 

Second Injection, 25% Hours after First Injection. 2.4 Cc. 
minute after injection showed 62,000 colonies; sank after minutes and 
remained low for hours; after hours cultures showed 200 colonies; after 
hours, 100: after hours, 56. 


Bull, G., Exp. Med., 1916, xxiv, 
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Third Injection, Hours, Minutes after Second Injection. 0.5 Cc. 
Cultures minute after showed 21,000 colonies; fell after min- 
utes; minutes, hour, hours, hours, and 13} hours, showed 180, 
280, 75, 30, and 220 colonies, respectively; rose 1,320 164 hours; and after 
hours, hours, hours, minutes, and hours, minutes, showed 33, 
51, 120, and 221 colonies, respectively. 


Fourth Injection, Hours, Minutes after Third Injection. 4.9 Cc. 
Cultures minute after injection showed 65,000 colonies; sank after 


minutes, and remained fairly low for hours; rose 480, hours after 
tion. Died hours after injection. 


The second possibility, namely, that the streptococci have become 
resistant, deserves more careful observation. Considerable evidence 
has been brought forward show that bacteria which have grown 
the body differ strikingly their resistance from the same organ- 
isms cultivated artificially. The studies Gruber and Futaki? 
anthrax, and and others Gram-negative bacilli, 
are too familiar require more than passing reference. his 
studies pneumococcus infection dogs, has shown that the 
organisms which reappear the circulation after the primary fall 
sepsis are more resistant the action immune sera than those 
injected. 

However, the case hemolytic streptococcus infection the rab- 
bit, this does not seem offer satisfactory explanation. true 
that streptococci which have multiplied the peritoneal cavity 
mouse show striking resistance agglutination and phagocytosis, 
even the presence immune serum derived from rabbits, com- 
pared with streptococci from culture. The latter, rule, aggluti- 
nate spontaneously, and are extensively phagocyted salt solution, 
whereas suspensions from the peritoneums infected mice have often 
failed agglutinate the immune sera our possession, and show 
high relative resistance phagocytosis. Nevertheless, these bacilli 
from the mouse peritoneum are injected into rabbit’s circulation, 
they are disposed almost effectually are culture organisms. 
This illustrated the following experiment: 


Gruber, M., and Futaki, K., med. Woch., 1906, liii, 249. 
Bail, O., Arch. Hyg., 1905, lii, 272. 
P., Bakteriol., Ite Abt., Orig., 1908, xlv, 638. 
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Experiment Streptococci Obtained from Peritoneum Mouse.— 
Three mice were injected intraperitoneally with Streptococcus The hour 
exudate was removed citrate, centrifuged remove leukocytes, then more rap- 
idly throw down the cocci. The second sediment was suspended salt solu- 
tion. broth culture the same organism was centrifuged and the sediment 
resuspended salt solution. Two rabbits were injected into the ear vein and 
cultures fifteen drops taken from the opposite ear. difficult count ac- 
curately the number organisms the suspensions, and possible that the 
doses were unequal. Nevertheless, the prompt removal nearly all the strep- 
tococci from the circulation evident, though would appear that the culture 
organisms were removed more rapidly than those from the mouse. 

Rabbit weight 1,010 gm., was given cc. streptococcus suspension from 
mouse, containing 64,000 chains per cmm. Cultures minutes showed 
2,000,000 colonies; minutes, 1,300; minutes, 900; hour, 103; 
hours, 257. 

Rabbit weight 980 gm., was given cc. streptococcus suspension from 
culture containing 56,000 chains per cmm. Cultures minutes showed 
hours, 192. 


This experiment open the objection that the resistance ac- 
quired streptococci growing the peritoneum mouse might 
not the same degree kind, that acquired the circula- 
tion the rabbit. technically impossible introduce into 
rabbit’s circulation bacteria from the circulation another rabbit 
comparable number those which can introduced from cul- 
tures. However, the following experiment seems show that 
change the streptococci during their multiplication the animal 
not the factor which determines their persistence the circulation. 
rabbit was given large intravenous injection organisms from 
cultures, and hours later, when the organisms were numerous 
the blood, and the animal was almost moribund, cc. blood were 
taken from the heart, under ether, into cooled paraffined syringe 
and immediately injected into the ear vein normal rabbit. The 
blood used for injection contained 6,600 organisms per cc. Cultures 
taken from the second rabbit gave the following result: 


Experiment 4.—Cultures taken from the second rabbit showed per cc. 
minute after injection; 600 after minutes; sinking gradually 108 hours; 
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This seems show that the streptococci which one finds 
called septicemic rabbit have not acquired resistance sufficient 
maintain them the circulation. 

regard the third possibility, number our earlier observa- 
tions seemed indicate that the injection the bacteria, acting 
foreign protein, excited some reaction the animal which caused 
their removal. several occasions when septicemic animal was 
reinjected with the same organisms, the bacterial count hours 
after injection fell point distinctly below the count before injec- 
tion. This seemed indicate that, following the second dose, the 
animai got rid not only all the newly introduced organisms, but 
also some those previously the circulation. Bull' has reported 
this same phenomenon dogs injected with pneumococcus. 


Experiment Reduction Sepsis Following Reinjection. First Injection. 
Cc. Injected.—3 cc. streptococci containing million per cc. injected. After 
minute culture fifteen drops from opposite ear showed 22,000 colonies; fell 
95, 12, and after minutes, minutes, hour, hours, and 
hours after injection fespectively. 

Second Injection, Hours, Minutes after First Injection. Cc. Injected.— 
Cultures showed 23,000, minute after injection; and 936, minutes, 
minutes, and hours after injection respectively. 

Third Injection, Minutes after Second Injection. Cc. Injected.— 
Cultures showed 3,000 colonies minute after injection; 38, 32, 52, and 750, 
minutes, minutes, hours, and hours after injection respectively. 


will noted that following the third dose, the greater number 
the injected organisms was removed within minute, the first 
culture taken contained only 3,000 colonies compared with 22,000 
and 23,000 following the first and second injections. minutes 
after the third injection the count dropped compared with 
936 before the injection. other words, not only did the organisms 
injected disappear from the blood stream, but the majority those 
previously present the circulation also disappeared, and was not 
until more than hours after the third injection that the sepsis 
again approached its previous intensity. similar result was ob- 
tained following the second injection Rabbit Table and 
following the third injection recorded Experiment 
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The result could not obtained regularly experiments conducted 
similar way, but occurred with sufficient frequency make 
necessary further investigation. explanation this reac- 
tion there occurred the possibility that the injection the addi- 
tional number streptococci caused mobilization antibodies, or, 
more probably, sudden leukocytic reaction such has been noted 
following the injection specific and also non-specific proteins 
into animals. 

seemed possible that cases where the count after injection 
did not fall below that before injection the removal the organisms 
already present the blood might masked the large additional 
number-injected. the removal the organisms from the blood 
following second injection was due reaction the body the 
injected streptococci, acting foreign protein, was probable 
that could reproduced the injection killed streptococci, 
other species bacteria, serum, peptone. Should occur 
after injections such non-specific substances, would appear more 
clearly, the picture would not confused the growth the 
newly injected organisms cultures taken after injection. However, 
series experiments which the substances mentioned above 
were injected into septicemic rabbits, consistent effect the 
number organisms the circulation could observed. 

further study appeared that had first attached too great 
significance these apparent remissions the sepsis following rein- 
jection. will noted Experiment that after the third in- 
jection the number organisms the circulating blood varied enor- 
mously within few hours. These variations have been noted 
often that believe the possibility their being due technical 
error can ruled out. The only influences brought bear 
upon the animal during this period variation were the withdrawal 
small samples blood from the ear and placing the animal head 
down warmed box facilitate bleeding. have carefully 
tested the effect septicemic animals repeated small bleedings, 
maintenance for considerable periods vertical position, and 
maintenance warm chamber, but none these procedures had 
any constant effect the course the sepsis. our observations 
accumulated, these variations continued appear and support 


5 


GARDNER HOPKINS AND JULIA PARKER 


the idea, which shall refer again, that streptococcus rabbit sep- 
sis not condition which definite number organisms 
constantly the blood, but one which organisms are continually 
swept into the circulation from heavily infected tissues. 

The possibility that leukocytosis was responsible for the removal 
the organisms from the blood was definitely excluded making 
blood counts. The effect streptococcus injections the leuko- 
cytes was not constant, but the usual reaction was immediate 
leukopenia, sometimes rather marked, illustrated Rabbit 
Table Repeated injections rule caused still further fall 
leukocytes, illustrated Rabbit Table few instances 
after smaller injections, transitory rise the blood count, illus- 
trated Rabbit Table was observed, but this was exceptional 
and could not account for the removal the injected bacteria which 
was invariable. Whether not the leukopenia usually followed 
leukocytosis cannot state. several animals studied 
failed observe it. did not, however, make frequent counts 
for more than hours after injection, this time the streptococci 
have not only been removed from the circulation, but, will seen 
later, have been largely killed, and leukocytosis occurring latér 
could have bearing the phenomena were endeavoring 


TABLE 


Rabbit Following First Injection. Streptococcus Suspension. 


Time. Temperature. = Colonies per cc. 
°F. 


al 
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Rabbit Progressive Leukopenia Following Second Injection. 
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TABLE I—Concluded. 


dead hours after 1st injection. 
Rabbit Transitory Leukocytosis Following Injection. 
Time. Temperature. 


3,500 600 


Found dead hours after injection. 


explain. The absence general leukocytosis does not, course, 
exclude the possibility that the visceral capillaries the leukocytes 
take part the destruction the invaders. This question will 
taken later. 

repeat, the injection streptococci not immediately followed 
leukocytosis and have been unable the injection various 
non-specific substances excite any reaction which would remove 
the bacteria from the circulation septic animal. These negative 
results not exclude the possibility that the living streptococcus 
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itself can cause some such reaction. However, view the fact 
that the injection additional streptococci does not regularly cause 
reduction the sepsis, and also the fact that the reductions 
have observed have all been within the range spontaneous varia- 
tions such infections, believe that reaction this sort can 
reasonably excluded explanation for the primary 
bacteria from the blood stream. 

The fourth possibility, that the bacteria found the blood sep- 
ticemic rabbits are not actively persisting the circulation, but are 
merely swept into the circulation from infected tissues more rapidly 
than they can removed seems the most probable explana- 
tion. This hypothesis has been commonly adopted for infections 
such subacute bacterial endocarditis man, where the septicemia 
intermittent. While first sight this supposition seems unlikely 
the case continuous sepsis, the fact that these animals the 
number bacteria the muscles and other organs far exceeds those 
the blood, weight for weight, would least explain the source the 
constant supply bacteria. shall discuss this point more fully 


Mechanism Removal. 


The observations mentioned above show that even susceptible 
animal, such the rabbit, able remove from its circulation al- 
most any number introduced streptococci, even after successive 
injections and until lethal condition has developed, and will almost 
completely free its circulation from the organisms within few 
hours unless new supply reintroduced. Concerning the mechan- 
ism this removal and the ultimate fate the bacteria, however, 
there has been considerable discussion. 

Three factors have been suggested entering into this removal 
bacteria: agglutination, phagocytosis leukocytes, and phagocytosis 
fixed cells. have looked for evidence, such that reported 
Bull, agglutination rabbits and cats. The organisms 
injected, though previously shaken for long time with glass 
beads, often show clumps from two ten chains. Clumps this 


are indebted Miss Paige for assistance the blood culture studies. 
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size have naturally been found the blood and the organs, but 
seldom have they exceeded the diameter the average capillary. 
have also seen groups streptococci about the size and contour 
leukocyte sometimes entangled with leukocytic remnants. These 
have interpreted being groups organisms which had been 
taken leukocytes which have subsequently disintegrated. 
Aside from these small groups cocci which not resemble the 
least the felt-like masses streptococci which have agglutinated 
vitro have seen neither films the blood nor crushed prepa- 
rations sections the organs evidence agglutination, and 
seems unlikely that plays part the phenomenon have studied. 


regard the leukocytes, these cells undoubtedly take injected streptococci 
considerable numbers, and with great rapidity, can seen few minutes 
after injection blood films sections, and has been frequently claimed that 
these cells play predominating part the removal microorganisms from the 
blood. however, found the bacteria lying apparently endo- 
thelial cells, and recently Kyes’ has demonstrated the pigeon the taking 
pneumococci the Kupffer cells the liver, and endothelium other organs 
the body. Manwaring and have analyzed this phenomenon further 
carefully washing livers free from blood and then perfusing the organs with viru- 
lent other organisms. They found that whereas virulent pneumo- 
cocci treated with immune serum were quantitatively removed the blood-free 
liver, these organisms when suspended Ringer’s solution normal serum were 
not removed even livers immunized animals, were taken slight ex- 
tent. This they attributed the action traces serum which had not been 
removed from the organs, and they speak the immune substance which 
this due opsonins.”’ 

Bartlett and studies dogs injected with staphylecocci, noted the 
primary accumulation the lungs, but describe the leukocytes taking the 
majority the cocci. 

However, the original observations Wyssokowitsch® point clearly the 
importance phagocytosis endothelial cells the removal bacteria from 
the circulating blood. The defensive power the body lies much more 
the structures the vessel walls; that is, the endothelial cells the blood 
vessels. The bacteria which reach the blood stream are deposited between 
the endothelial cells, which line the capillaries most numerously organs where 


Kyes, P., Infect. Dis., 1916, xviii, 277. 

Manwaring, H., and Coe, C., Immunol., 1916, 401. 

Bartlett, J., and Ozaki, Y., Med. Research, 1916-17, xxx, 465. 
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the blood stream slowest. here that the battle between the cells and bac- 
teria concerning which have much evidence from many sides takes place. 
However, still have decisive knowledge the course this conflict, nor 
the means attack and defense. 


sections from the organs recently injected animals diffi- 
cult determine how the streptococci are taken up. have 
studied chiefly the lung, this the organ most concerned their 
removal. lung sections animals killed minutes after 
injection clear that some the cocci are held within the leukocytes 
the capillaries. equally clear that the majority are not lo- 
cated within leukocytes. Many them lie large mononuclear 
cells which are probably the swollen endothelium the capillaries; 
others lie eosin-staining matrix which may represent section 
through endothelial protoplasm, possibly some substance from the 
blood deposited about them. 

order study this point more accurately, have etherized 
and killed cats within minutes after injection, washed the lungs 
free possible perfusion with salt solution, and then fixed them 
injecting Helly’s fluid under moderate pressure order keep 
the capillaries distended. sections fixed this way the strepto- 
cocci are not washed from the capillaries; even leukocytes are still 
present moderate numbers. the mechanism which the cocci 
are held, however, are still doubt, though many appear 
endothelial 


Fate the Phagocyted 


More important for the understanding the resistance strepto- 
coccic infection than the mechanism removal the organisms from 
the circulation seems the means which they are ultimately 
destroyed. 

The possibility that the body freed itself excreting the living 
bacteria was considered Wyssokowitsch® and ruled out account 
the small number which could recover from the urine, intestinal 
contents, milk. Our own observations the urine and bile 
infected rabbits made clear that few living streptococci were passed 


wish acknowledge our indebtedness Prof. MacCallum for 
his advice and cooperation these experiments. 
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out these secretions. seemed then that there must within the 
body some mechanism for their destruction. the rabbit this proc 
ess obscured the fact that after period apparent destruction 
the bacteria the blood stream again begin multiply. The cat, 
however, practically insusceptible artificial streptococcus infec- 
tion and large numbers organisms introduced into the blood are 
promptly removed the rabbit and not again reappear, 
least reappear only for brief period. 

has been seen that the streptococci which disappear from the 
blood are taken part the leukocytes but probably more ex- 
tensively the endothelial cells, least the majority are held 
the viscera some mechanism other than ingestion polynuclears. 
The fate the organisms taken these two ways was studied, 
far possible separately. 


Effect Leukocytes. 


There doubt, stated above, that considerable number 
cocci taken the leukocytes, but the fate the organisms 
and others have shown that extracts leukocytes have dis- 
tinct bactericidal action many species organisms, although Wata- 
has failed demonstrate this action. However, when whole 
living leukocytes have been tested, Pettersson, Kling, and most 
others who have investigated their action have failed demonstrate 
bactericidal effect. 

Our results have not been entirely clean-cut. have used both 
whole clotted blood and cells from citrated blood. The technique for 
clotted blood was follows: animal was bled shortly after injec- 
tion and cc. blood was immediately measured into each 
series test-tubes. One sample was emptied into mortar soon 
clotted, ground with sand, and poured into melted agar. The test- 
tube and mortar were rinsed with saline solution, the wash was added 

Schattenfroh, A., Arch. Hyg., 1897, xxxi, 

Pettersson, A., Orig., 1910-11, viii, 498. 

Kling, A., Orig., 1910, vii, 

Zinsser, H., Med. Research, 1910, xxii, 397. 

Watabiki, T., Infect. Dis., 1909, vi, 319. 
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the agar, and the whole plated. Other tubes were plated this 
way after various periods incubation. one instance there ap- 
peared distinct reduction the blood normal cat (Table 
III). normal immune rabbits there was slight reduction 
gradual increase. The method not sufficiently accurate enable 
one attach significance these irregular results. impossibie 
obtain separate colonies from all the streptococci from clotted 
blood, shown the fact that the count from blood ground im- 
mediately after coagulation much lower than that before coagulation. 

account the unreliability this method made other ex- 
periments which the animal was bled into citrate solution, and the 
cells were thrown down the centrifuge, washed once saline solu- 
tion, and resuspended serum saline solution. They were then 
inoculated with small amount streptococcus suspension and the 
measured amount was plated various intervals. The result 
experiment with normal cat cells and serum shown Experiment 


Experiment cc. 1.25 cc. cells plus 1.25 cc. serum showed 550 
colonies immediately, 520 after hour, and 609, 750, and 2,700 after and 
hours respectively. 0.1 cc. 1.25 cc. cells plus 1.25 cc. salt solution gave 500 
colonies immediately; 400, 450, 600, and 3,000 after and hours respec- 
tively. 0.1 cc. 2.5 cc. serum alone gave 280 colonies immediately; 300, 170, 
170, and 3,000 after and hours respectively. 2.5 cc. salt 
solution alone gave colonies immediately; and colonies after 
and hours respectively. 


Control tubes blood cells serum and blood cells salt solu- 
tion were inoculated with large number streptococci for morpho- 
logical study. Films made after hour’s incubation showed exten- 
sive phagocytosis both serum and salt solution, but more marked 
the serum tubes. 

The only tube which there was distinct destruction the 
streptococci was the salt solution control. Other experiments 
which normal immune rabbit serum and cells were used gave simi- 
lar results. the tests made with citrated cells never observed 
reduction the count comparable the isolated result with clotted 
blood recorded Table III. are uncertain whether not the 
slight reduction the counts from the serum tube the experiment 
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above, similar reductions tubes serum and cells other ex- 
periments indicate feeble bactericidal action the part these 
elements. seems certain, however, that exists much in- 
ferior the destructive power the lung tissue which are about 
discuss, and that entirely insufficient account for the exten- 
sive destruction the injected bacteria which takes place. seems 
unlikely from these experiments that the leukocytes can even de- 


stroy the small shares these organisms which they can seen 
ingest. 


Bactericidal Effect the Tissues. 


contrast this doubtful evidence that the leukocytes serum 
can take part the destruction invading streptococci, can 
clearly shown that certain tissues, especially the lung, are possessed 
marked bactericidal power. The most convincing evidence that 
obtained from cats killed various intervals after injection. 

cat killed within half hour after receiving streptococci in- 
travenously, cultures show an’ enormous number the cocci the 
lungs, many the liver and spleen, and the muscles, blood, and 
kidneys few none all, the result depending the number in- 
jected (Tables and IV). few experiments which the bone 
marrow and lymph nodes were also examined these tissues contained 
far less than the spleen but rather more than the last mentioned 
tissues. 

Cultures from cat killed several hours after injection show 
smaller number colonies from all the viscera, but perhaps slightly 
increased number the decrease most marked the 
lung, but also pronounced the liver. The spleen seems rid 
itself more slowly the cocci. the dose small, all the tissues 
may found sterile hours; very large, positive cultures may 
obtained for more than hours. the cats recorded Table 
the tissues were practically sterile hours. most interest- 
ing point that when films were made from the ground lung tissue 
stage when the cultures showed greatly diminished number 
viable bacteria, none all, numerous stainable streptococci were 
found. They were found the 5th day, which far our 
observations have extended. comparing Cats and seen 
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that, whereas days the viable bacteria had dropped from 300,000 
per dg., the number organisms seen films seemed undimin- 
ished. This seems admit but one interpretation; namely, that 
the streptococci have been taken the lungs and killed, although 
they remained visible for considerable period time. 

Fate Cat cats were injected intra- 
venously with million streptococci per kilo and killed the inter- 
vals noted. Pieces the organs studied were placed 
sterile test-tube, weighed, ground sterile mortar with sand, and 
emulsified salt solution added the proportion cc. 0.1 gm. 
tissue. Plates were made sheep blood agar amounts organ 
emulsion representing from 0.1 0.0001 gm. and the colonies 
counted after hours. Films were made from the ground emulsion 
and stained Gram’s method. previous experiments had shown 
most pronounced effect the lung, the lung cultures were made 
duplicate from different parts the organ. 


TABLE II. 
Cat Killed hrs. |Killed days 
Killed 10 min. after injection. aiter after after 
injection. injection. injection. 
Colonies per 0.1 gm. 


3,000 indicates that the colonies plate from 0.1 gm. were too numerous 
estimate and that plates were made from smaller amounts tissue. 


seemed important attempt demonstrate this bactericidal 
action tissue, which pronounced the lung vitro. the 
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experiment Table pieces the organs from the cat killed 
minutes after injection were removed and distributed sterile test- 
tubes which were placed moist chamber 37°C. for hours, 
order compare the action the excised tissue with that the 
tissue the cat which had been allowed live for the same period. 
the end this time the pieces were weighed, ground, and measured 
amounts planted shown Table II. will noted that the 
living animal there was enormous reduction the number or- 
ganisms the lung and liver and less pronounced reduction the 
spleen, bone marrow, and blood. reduction the last may well 
have been due other factors than the bactericidal effect the blood 
itself. the other hand, there was increase the number 
bacteria the muscles during period. 

these findings are compared with the fate the bacteria Cat 
which was killed minutes after injection, will noted that the 
lungs showed reduction the number bacteria which was dis- 
tinct though scarcely comparable with that taking place the living 


TABLE III. 
Bactericidal Effect Cat Tissues. 


normal cat weighing about kilos was injected with cc. streptococcus 
suspension containing million minutes was bled death under 
ether and perfused for minutes through the jugular wash the blood from the 
lung. Pieces the lung were placed sterile test-tubes, and the animal was 
then perfused minutes through the proximal portion the carotid remove 
the blood from the other tissues. Pieces the other tissues were then distrib- 
uted sterile test-tubes. They were incubated, weighed, ground, and plated 
the preceding experiment. 


Colonies per 0.1 gm. tissuc. 


Tissue. 
After After After After 
Plated im- hr.’ 2 hrs.’ hrs.’ brs.’ 
26,000 750 2,000 300,000 
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animal, whereas the spleen, liver, and blood the organisms 
plied moderately, and the kidney and muscle tissues multiplied 
with great speed. Further experiments showed that the destruction 
excised tissue took place only during the first hours incu- 
bation, owing probably death the cells, they again 
multiplied. This illustrated Table 


TABLE IV. 
Bactericidal Test Cat and Rabbit Tissues. 


normal cat weighing 4,000 gm. was injected intravenously with cc. 
streptococcus suspension containing 400,000 per cc. (400,000 per kilo). was 
killed with gas minutes, and the specimen removed and cultures were 
made before. 

rabbit weighing 1,600 gm. was given 3.2 cc. suspension containing 200,000 
per cc. (400,000 per kilo). was killed minutes and cultures were made 
above. 


Plated After After After After After After 
bation. bation. bation. bation. bation. 
Cat: 
Rabbit. 


This experiment seems show definite decrease the number 
viable bacteria the lung tissue when incubated. The action the 
tissue was evidently much impaired its removal from the body 
and after few hours the bacteria multiplied freely the dead tissue. 
The decrease the lung more striking compared with the prompt 
increase the spleen, or, experiments with rabbits, the muscles. 
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The process can more definitely demonstrated much smaller 
injection made; fact difficult compare the organs the 
same animals as, the injection small enough show 
clearly the effect the lung, there are not sufficient bacteria depos- 
ited the other organs give positive cultures from amounts which 

Table records the results observed cat which was given 
much smaller injection, that the blood was completely sterilized 
minutes. this experiment rabbit was injected for comparison 
with proportional dose the same suspension. The difference 
the distribution the organisms and the effect the tissues them 
will referred later. 

From the results recorded the preceding experiments there seemed 
little doubt the killing the the lung. However, 
account the large differences between duplicate samples lung 
tissue, during the later stages these experiments seemed best 
repeat the experiment quadruple. The results are recorded 
Experiment which each entry represents the count from piece 
lung weighed, ground, and plated separately. 


Experiment Bactericidal Effect Lung Tissue Cat.—A normal cat was 
inoculated with cc. streptococcus suspension containing 100 million per 
cc. The animal was killed with gas after minutes. The autopsy was com- 
pleted and first plants were made minutes after injection. 

0.1 gm. lung tissue showed 550, 248, 200, and 480 colonies immediately; 34, 
40, 28, and colonies after hours; and 120, 53, 25, and colonies after hours. 

0.1 gm. spleen tissue showed 146 colonies immediately; 194 after hours; and 
3,000 after hours. 


The reduction the number colonies obtained from the lung 
after incubation was constant and marked that, even though 
varied degree different pieces the same lung, seemed cer- 
tain that was due extensive destruction the streptococci 
which took place the tissue vitro. The question once arose 
what element the tissue was responsible for this destruction. 
The uncertainty the location the cocci the lung makes this 
difficult answer. If, appears from study the sections, the 
majority the cocci are taken endothelium, most likely 
that these are the cells which destroy them. That the bactericidal 
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power lies some the fixed tissue elements and not the blood 
appears certain from the following considerations: the first place, 
the experiments described above show that the whole blood, the 
blood cells, and the blood serum are incapable destroying any con- 
siderable number streptococci. the second place, the tests 
recorded Table III were made with tissue that had been freed 
much possible from blood and from free lying cocci perfusion 
before the pieces were excised for examination. Moreover, order 
rule out participation the elements the blood the taking 
and destruction the streptococci performed the following 
experiment: 


Experiment 8.—A cat was first perfused for from hours with citrate and 
Ringer’s solution, and then perfused with very dilute streptococcus suspen- 
sion (about 400 organisms per cc.). The lung was again perfused with sterile 
Ringer’s solution until the content the outflow was reduced percc. Pieces 
lung were then removed and treated the previous experiments. 

Culture from 0.1 gm. perfused lung gave 250 and 170 colonies immediately; 
and after hours; and after hours; colonies after and hours. 


view the fact previously mentioned, that streptococci quickly 
die when placed dilute suspension salt solution, the possibility 
must admitted that this instance the Ringer’s solution took 
part their destruction. However, has been shown that the 
blood has marked bactericidal power, but that the lung with the 
blood still the capillaries (Experiment 7), the lung perfused 
with Ringer’s solution after the streptococci had been taken 
(Table III), and the lung perfused before the streptococci were in- 
jected (Experiment 8), all show marked bactericidal effect; and 
the conclusion forced upon one that this power lies the lung tissue 
itself. 

Incidentally the last experiment mentioned raises doubt tothe 
importance the endothelial opsonin Manwaring this process, 
the streptococci were taken and destroyed lung which had 
been previously perfused for over hours order free blood. 

fact seems doubtful humoral protective substances are ac- 
tive here. one experiment which cat that had received strep- 
tococci sensitized with immune rabbit serum was tested with another 
which was given unsensitized bacteria there was little difference 
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between the two animals; fact the destruction the unsensitized 
cocci was the more marked. Experiments with immune rabbits, 
which shall refer later, indicate that immunization may influ- 
ence the taking the cocci the tissues, but does not affect the 
manner extent their destruction. 

This bactericidal action the lung tissue which can demon- 
strated vitro must doubtless due some enzyme antibody- 
like substance and have made repeated attempts demonstrate 
some such destructive action extracts fresh lung tissue. Por- 
tions lung freshly killed cats were removed and ground with sand, 
fresh cat serum, and separated brief centrifugation into 
opalescent supernatant fluid and muddy sediment. Both super- 
natant fluid and sediment were tested inoculating them with 
small amount streptococcus culture, and plating measured amounts 
after various periods incubation. Experiments carried out this 
way have failed show any definite bactericidal effect, though 
slight reduction the number colonies may appear, shown 
Experiment However, control tube the same extract previ- 
ously heated 56°C. for minutes showed almost marked drop. 


Experiment 9.—Lung extract unheated gave 900 colonies immediately; after 
and hours gave 800, 600, 2,700 and 3,000 respectively. 

Lung extract heated gave 1,000 colonies immediately; after and hours 
gave 1,200, 750, 2,000, and 3,000 respectively. 

Ground lung tissue gave 150 colonies immediately; after and hours, 
450, 750, 1,200, and 3,000 colonies respectively. 


evident then that streptococci withdrawn from the circulation 
normal cats the lung are promptly killed the living animal 
and that pieces excised lung carry out this same process the 
test-tube. The bactericidal power seems depend, however, the 
living conditions the cells, much enfeebled the removal the 
tissue from the body, and not exhibited all fresh extracts 
the tissue. 

With regard the other organs there seems little doubt that 
the living animal the liver destroys many the organisms taken up, 
and some experiments, Table III, for example, this destruction 
apparently took place vitro. 


By 
hey 


GARDNER HOPKINS AND JULIA PARKER 


The disappearance from the blood believe, for reasons already 
given, due taking and destruction the bacteria the 
viscera and not any bactericidal power the blood plasma 
cells. The spleen, and few experiments the muscle, kidney, and 
bone marrow, have failed show bactericidal power vitro and 
impossible determine from our data whether the disappearance 
the streptococci from these organs the living animal due 
destruction vivo their being carried the biood the lung 
liver and destroyed there. 


Comparison between Susceptible and Resistant Animals. 


Our observations cats have been presented detail order 
make clear the evidence which based our conclusions the 
fate the injected streptococci. The significance, for the protec- 
tion the animal, this mechanism for taking and destroying 
the injected cocci becomes more apparent compare the findings 
cats which are resistant the infection with those rabbits which 
are susceptible. These shall present briefly. 

The ability rabbits free their circulation temporarily in- 
jected streptococci has already been discussed. The subsequent 
course the injection illustrated Table 

The first difference between the rabbits and the cats the pri- 
mary distribution the invading bacteria. the experiments 
Table about equal amounts were deposited the lung, liver, and 
spleen, and other experiments the number taken liver and 
spleen considerably exceeded that taken the lung (Table 
whereas the cats, the lungs rule take several times many 
these other organs. the rabbits, too, detectable number was 
taken the muscles and many the bone marrow. 

The findings the lung the rabbit killed after hours are similar 
the condition cats killed the corresponding period, that 
the culture the lung showed greatly diminished number strep- 
tococci, although they were still found without difficulty film prep- 
arations. this stage the liver and spleen also appear have 
killed most the organisms, which they have taken up. the 
cats, feeble bactericidal action lung tissue could demonstrated 
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TABLE 
Fate Rabbit Tissues. 


Three normal rabbits were injected with suspension streptococci, the doses 
being about 160,000,000 per kilo. 

Rabbit was killed min. 

Rabbit was killed after hrs. 

Rabbit was found moribund the 4th day and was killed. 

Portions the organs were weighed, ground with sand, and plated amounts 
representing from 0.1 0.001 gm. tissue. The results are recorded the 
number colonies obtained from 0.1 gm. tissue. 


Film. Colonies. Colonies. Colonies. 

Mesenteric lymph 190,000 


vitro, whereas streptococci multiply with great rapidity spleen 
and muscle tissue removed from the body. 

far one can determine from the experiments vitro the bac- 

tericidal power lung tissue the rabbit distinctly inferior 
that the cat, shown Table IV, where the tissues the two 
species were tested after the animals had been given proportional in- 
jections. other cases, however, for example Table VI, rabbit lung 
tissue showed distinct bactericidal power vitro and the observations 
living animals indicate (Table that the organisms taken 
rabbit’s lung and liver are largely disposed of. The more 
striking difference between the susceptible and insusceptible animals 
that the rabbit considerable number bacteria lodged the 
muscle tissues and sometimes the kidneys, and that these multi- 
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plied slowly the living with remarkable rapidity the 
excised tissue. 

Just how these organisms are deposited the muscle tissue the 
rabbit have not yet determined, and fact study this point 
difficult because the number primarily taken small that the 
bacteria are difficult find sections. The fact, however, that 
this tissue the streptococci are removed from the blood stream and 
nevertheless proceed grow, whereas the lung and liver they are 


TABLE VI. 
Bactericidal Effect Rabbit Tissues. 


normal rabbit was injected under ether intravenously with small dose 
streptococci and bled death minutes. The lungs were perfused briefly 
with Ringer’s solution and portions placed test-tubes. The other organs were 
then perfused and specimens similarly taken. Samples blood were distributed 
cc. amounts and allowed clot. Pieces tissue were weighed, ground, and 
plated intervals previous experiments. 


Colonies per 0.1 gm. tissue tested. 


24,000 46,000 100,000 300,000 


removed from the blood stream and killed, forces the conclusion that 
there must essential difference the way they are held 
the muscle tissues account for their unrestricted multiplication. 
Our observations seem indicate that the susceptibility the 
rabbit the infection determined not the inability the lung 
and other tissues kill the streptococci which they take primarily, 
but the fact that considerable number the organisms lodge 
the muscles and other tissues which lack this bactericidal power 
and that they multiply almost from the first these tissues where 
they are found enormous numbers the time death. The 
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great number found the time death the lung and liver, or- 
gans which were able free themselves almost entirely living 
cocci during the first period the infection, may well indicate that 
toward the termination the infection these resistant organs are 
overwhelmed with bacteria brought them from the muscles where 
they have been growing without hindrance. 


Wyssokowitsch® considered this possibility. From the experi- 
ments far performed, one cannot determine with certainty whether also this 
case susceptible animal) the bacteria taken certain organs are not de- 
stroyed, and whether perhaps only certain locations the bacteria survive and 


then multiply. One might suppose that the body gradually overwhelmed with 
newly developed bacteria from the least resistant tissue. 


Fate Immune Rabbits. 


The next point which desired investigate was the effect 
active passive immunization the rabbit’s ability rid itself 
the invading organisms. Our observations this point are incom- 
plete and unsatisfactory, chiefly account the difficulty pro- 
ducing rabbits reliable immunity the streptococcus. have 
treated rabbits for long months with intravenous injections 
killed streptococci and found that when they were injected with 
amount sufficient kill normal animal days, they usually 
succumbed. Our investigations are not numerous enough lay 
down general rules the course these infections, but appears 
that rabbits immunized live somewhat longer than normal con- 
trols, and that after hours their blood stream becomes free 
streptococci. they develop local infection, frequently the 
joints, and subsequently succumb septicemia. 

This occurrence local infection immunized possibly sensi- 
tized animals opens field for further study. would seem have 
direct bearing the problem local infections man. The ob- 
streptococcus arthritis once come mind this connection. 


40. 
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experiment which the reactions immunized and 


normal rabbit injections streptococci were compared recorded 
Table VII. 


TABLE VII. 
Comparison between Normal and Immunized Rabbits. 


normal rabbit and rabbit which had been treated months with intravenous 
injections killed Streptococcus were injected into the left ventricle with 
per kilo suspension the same streptococcus containing 20,000,000 per 
cc. They were bled death under ether minutes after being injected, and 
the organs treated previous experiments. 


Colonies per 0.1 gm. tissue. 


Tissue. Immune rabbit. Normal rabbit. 

Plated After hrs.’ Plated After hrs.’ 
immediately. incubation. immediately. incubation. 


the brief period observation the removal the cocci from the circulation 
the immunized rabbit was more complete, fact even less than from 
that the normal. Cultures from the carotid minutes after injection showed 
35,000 the immune and 21,000 the normal animal. 


this instance the lung tissue the immune rabbit showed 
questionable bactericidal power, but least there was inhibition 
growth the lung compared with rapid multiplication the 
cocci the other tissues. Similar results have sometimes been ob- 
tained with normal rabbit tissues (Table IV). The only marked 
difference between the immune and the normal animal the prima- 
distribution the cocci. will noted that while the normal 
rabbit (Tables and VI) the spleen and liver take nearly 
many more cocci than the lung, the immunized rabbit the lung 
has seized times many the liver and times many the 
spleen. other words, the ratio distribution the cocci among 
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the organs the immunized rabbit roughly that found normal 
cats. 

account unavoidable interruption our work have been 
unable extend further these preliminary observations the effect 
immunization. 


CONCLUSIONS. 


Streptococci injected into the circulation cats are quickly 
withdrawn and are found most numerously the lung, less numer- 
ously the liver and spleen, and small numbers the bone mar- 
row, lymph nodes, muscle, and kidney. 

The streptococci taken the lung are killed within 
hours, although they remain visible films for number days. 
the liver they are killed less rapidly, and the spleen few may 
remain viable for considerable period. 

This bactericidal action may demonstrated pieces ex- 
cised lung but not lung extracts, and apparently dependent 
the action the living cell. 

Streptococci injected into susceptible animal, the rabbit, are 
also promptly removed from the circulation, but are distributed 
different proportions, the liver and spleen absorbing almost many 
the lung, and the muscles also taking appreciable number. 

the cat, the organisms taken the lung and liver 
the living rabbit are promptly killed. Those which lodge the 
muscles, however, multiply rapidly. 

About the time that the streptococci have begun develop 
the muscles hours after injection) the number the blood 
stream begins increase. 

The increase the blood stream not due exhaustion the 
mechanism their removal nor have these organisms acquired re- 
sistance sufficient maintain them the blood stream normal 
animal. septicemia, then, probably the result washing out 
organisms from the infected tissues. 

Attempts immunize rabbits have been unsuccessful, but 
certain treated animals the distribution the organisms among 
the various organs approached that found insusceptible animals; 
cats. 
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COMMON COLDS POSSIBLE SOURCE CONTAGION 
FOR LOBAR PNEUMONIA. 


EUGENIA VALENTINE. 


(From the Bureau Laboratories the Department Health the City New 
York.) 


(Received for publication, September 1917.) 


The pneumococcus has been assumed one the causative 
agents common colds because its known pathogenic character and 
because its predominance the mucous discharge some cases. 
far know, determination the types pneumococcus en- 
countered these conditions has not been made except far 
the Pneumococcus mucosus type was identified cultural grounds. 
For this reason, series common colds was examined determine 
the types pneumococci present. This was undertaken not 
much from the standpoint determining the etiological significance 
pneumococci common colds, but rather determine whether 
the fixed types occurred. these were found, common colds would 
then have considered source infection the spread 
lobar pneumonia. 

injecting the nasal secretion sputum into mice, pneumococci 
were recovered out cases common colds. direct 
blood agar, pneumococci were found additional cases. 
the total cases, the incidence type group pneumococcus 
recovered was follows: Group cases; Group II, cases; Group 
III, cases; Group IV, cases. The cases from which Group 
was isolated and one the Type III cases had been contact with 
pneumonia and, with the data available, impossible decide 
whether they were merely contact carriers whether the cold was 
actual infection pneumococci due contact with the pneu- 
monia cases. None the other cases from which fixed types were 
isolated had any such contact far could determined. 

determining the type, immune horse sera were employed. Con- 


| 
‘ t 


COLDS AND LOBAR PNEUMONIA 


siderable agglutination was encountered with either the 
horse sera (Type and Type II) low dilutions with the strains 
finally included the cases where this was marked, 
further agglutinations were done with rabbit sera which did not give 
these aberrant reactions, eliminate the possibility that some the 
strains belong subgroups the fixed types described Avery.! 
Table gives the results the tests and shows conclusively that the 
irregular reactions with the horse sera were due non-specific agglu- 
tinins. Two the Group cultures, and C5, show some de- 
gree relation their cross agglutination. 


TABLE 
Rabbit sera. 
group. 


three the four cases yielding Type III, mouse inoculation only 
was done, that data are available the preponderance this 
organism. the fourth, direct cultures showed the presence 
about per cent this organism. The data available, therefore, 
except one instance, are merely indication that the catarrhal 
inflammation was due this type. mucosus has been 
found other the secretions the respiratory tract 
conditions other than lobar pneumonia, well otherwise normal 
individuals. All these individuals, therefore, must looked upon 
potential sources infection for others sources possible 
autogenic cases lobar pneumonia. 

The recovery pneumococci Type from two common 
colds raises the question whether these persons were carriers 
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whether the inflammation was due the pneumococcus. Both cases 
were markedly prostrated and had temperature both 
cases direct plates showed that the Type pneumococcus constituted 
least per cent the organisms developing from the secretion, 
which strongly suggests that the pneumococcus was the etiological 
agent. this deduction correct, must add some cases com- 
mon cold the already known sources contagion for lobar pneu- 
monia; namely, the actual case pneumonia, the convalescent, and 
the contact carrier One these cases was reexamined 
mouse inoculation whenever cold recurred over period over 
years. The first reexamination, done year later, yielded few Type 
pneumococci, most the organisms the mouse peritoneal cavity 
being Pneumococcus Type and the bacillus 
This shows that the individual was still carrier Type the small 
numbers this organism recovered indicating that was not 
etiological significance this cold. Subsequent examination for 
period year, the first month later, yielded only Pneumococcus 
Type IV. 


SUMMARY. 


two instances common colds, with known contact with 
cases pneumonia, Pneumococcus Type was found the pre- 
dominating organism, which strongly suggests that was the etiologi- 
cal agent these this so, common colds this 
looked upon possible source contagion the development 
lobar pneumonia due the Type pneumococcus. 


G., Exp. Med., 1916, xxiv, 651. 
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STUDY MITOCHONDRIA EXPERIMENTAL 
POLIOMYELITIS. 


GERTRUDE FISHER McCANN, M.D. 
(From the Laboratories The Rockefeller Institute for Medical Research.) 


(Received for publication, July 1917.) 


INTRODUCTION. 


Although many observations have been made mitochondria 
normal tissues, both adult and embryonic, the study these 
structures pathological material has been relatively limited and 
the results some cases have been conflicting. The information 
regarding this type cell granule has been summarized 
but view the fact that several observers have recorded changes 
mitochondria, often occurring quite early certain 
seemed possible that some such results might obtained the 
case poliomyelitis, which would throw light the pathology 
that condition. 

Spinal ganglia were employed for the study, because they show 
typical lesions monkeys dying experimental poliomyelitis, and 
because, the structures showing these lesions, they could most 
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successfully obtained and fixed. has given full account 
the mitochondria occurring normal ganglion cells vertebrates. 


EXPERIMENTAL. 


few instances injection fixation was employed. Here the 
method described Cowdry! was used with the following varia- 
tions. The formalin bichromate mixture was more successful when 
used half rather than full strength. feet gravity pres- 
sure injection fluid were found give less edema and distortion 
the tissues than the higher pressure feet), that while the 
saline infusion was given the higher pressure for the first 
minutes insure complete washing out clots, the lower pressure 
was maintained throughout the remainder the period. The fem- 
oral vein one side was cut, rather than the vena cava, the 
latter gave too rapid outflow fluid. The cardiac, mesenteric, 
and opposite iliac arteries were clamped. ‘The injection fixative 
was continued for hour and the best results were obtained when the 
animal was kept lying the board back down, for hour longer 
before Injection was less successful poliomyelitic 
monkeys and the region operated rabbits than nor- 
mal animals, possibly owing vascular lesions the former. 

The ganglia, however, were quite well fixed simple immersion 
fixing fluid. The animals were usually chloroformed and the 
ganglia taken ce. few cases the animals died and were 
autopsied within death. The specimens were placed 
formalin bichromate mixture per cent potassium bichromate 
parts, neutral formalin part, and water parts) for days and 
then transferred half strength per cent) potassium bichromate 
for days. This procedure was found give better results than the 
solution ordinarily used. Full strength solutions and the acetic- 
osmic-bichromate (2.5 per cent bichromate cc., per 
cent osmic acid cc., and glacial acetic acid drop) full strength 
diluted half strength were apt give good fixation only the 
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case superficial cells. The osmic acid mixture also darkened the 
whole section such extent that dimmed the contrast between 
mitochondria and small Nissl bodies. 

first the use chloroform embedding was tried, but many 
cases the mitochondria disappeared under this treatment. one 
case the tissue was first embedded the xylol method and sec- 
tions were cut, then reembedded the chloroform The 
former sections showed mitochondria, but none was present 
the latter. This may have been due rehandling, however. Em- 
bedding was done described except that absolute 
alcohol-xylol for hour, xylol hour, paraffin hours, was found 
sufficient ana less liable destroy the mitochondria. Both the 
acid green, and the iron-alum-hematoxylin (Regaud 
and methods were used for staining. 

order compare cell changes another form 
paralysis series rabbits was used, some which ischemic 
paralysis the hind legs was produced the Stenson operation 
Ehrlich and The animals were etherized. 
area about inches wide, extending from ensiform process symphy- 
sis pubis, was shaved and cleaned with alcohol. Aseptic technique 
was employed. incision was made the midline, and the intes- 
tines were covered with cloths wet with warm saline. The abdom- 
inal aorta was exposed and soft bulldog clamp placed about 
inch below the renal arteries, the effectiveness the clamp being 
tested palpation the vessel below it. The intestines were re- 
placed and the animal was kept under light ether anesthesia, the 
clamp being left place for hour. The longer period was 
found give certain results while the former failed some cases 
give paralysis. Care was taken keep the animal warm during 
this period. the end the period the clamp was removed, the 
abdominal wall sewed with silk, and the animal allowed recover. 

almost every instance, flaccid paralysis the hind legs was 
evident soon the animal recovered from the ether. two rabbits 
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MITOCHONDRIA EXPERIMENTAL POLIOMYELITIS 


which the shorter compressions were used, the hind legs were spastic, 
with convulsive twitchings, which gradually disappeared, the animal 
recovering the full use the legs. 

The animals were chloroformed various periods after the liga- 
tion and fixed the injection method. The lumbar region the 
cord did not always take the fixative well did the cervical region, 
the lumbar region normal animals, and those animals killed 
more hours after the clamping, the cords remained extremely 
soft, and were uncolored the chromate and very difficult handle. 

series ganglia was obtained from fourteen monkeys 
with experimental were either the preparalytic 
stage, without definite lesions the ganglia, though having shown 
such symptoms irritability, etc., they showed paralysis, the 
particular ganglia used failed show typical lesions. The remaining 
ten, taken from the 1st the 7th day after the onset paralysis 
some muscle group had been noted, all showed typical lesions the 
cord and ganglia, including those used for mitochondria, shown 
examination gross sections stained hematoxylin and eosin. 

Five monkeys were used controls. Two these showed lesions 
tuberculosis autopsy. One was apparently normal monkey 
which died while being etherized, and the viscera showed gross 
abnormalities. The other two monkeys had received poliomyelitis 
intranasally but showed symptoms either during life post 
mortem. 

ganglia from the five control monkeys and those 
from the six poliomyelitic monkeys presenting lesions the ganglia 
used showed mitochondria similar those described Cowdry 
the normal animal. Great variations were found the number 
mitochondria and the intensity with which they took the stain, and 
several showed many cells the chromatophilic one, 
considerable postmortem degeneration had occurred.” One showed 
large amount typical lipoid. All, however, were cells similar 
those described Cowdry normal cells. This was true also 
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the ganglion cells from the normal rabbits and those from the cer- 
vical region the operated rabbits. these rabbit sections, 
chromatophil cells were found. 

the tissues from the poliomyelitic animals also, many cells were 
normal appearance. many, moreover, the mitochondria ap- 
peared even more clearly shown than normal 
appearance may have been due disappearance substance, 
which was reduced these cells. normal cells was often hard 
differentiate between mitochondria and small bodies the 
granules were nearly the same size and some preparations tended 
take the fuchsin stain. Many cells contained much particulate 
lipoid and many were the chromatophilic state, but these par- 
ticulars they did not seem exceed normal limits. 

the cells which showed marked neurophagocytosis, mitochon- 
dria-like threads could often seen, even though only small rem- 
nant protoplasm remained. They appeared minute reddish 
threads dots, larger masses, even fairly large rods, lying the 
usual bluish background and spaces between the invading cells. 
They did not have the globular shape characteristic lipoid, and 
they seemed have some the chemical reactions the mito- 
chondria, for they were not found slides which the mitochondria 
had been lost through poor fixation. cells which the destruction 
had been less complete, typical mitochondria were found persist 
apparently normal ratio cell substance. 

similar, though less marked persistence mitochondria was also 
noted the lumbar ganglia the rabbits. hour after the produc- 
tion the anemia, few darkly staining cells were found, showing 
few reddish threads against dark purplish background. 
hours almost all the cells had this chromatophilic tendency, few 
still showing the reddish threads, but the majority there was only 
shrunken, irregularly stained protoplasm. hours, the 


position few remaining cells was indicated dark, indefinite 
spots. 


DISCUSSION. 


these red-staining threads occurring the invaded cells 
poliomyelitis are mitochondria, the mitochondria this condition 
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least outlast any other cell structure now recognized. This 
remarkable view their usual tendency disappear under slight 
changes, such acidity temperature. Since the stain not 
absolutely specific, and lack means the present time dif- 
ferentiating mitochondria with certainty from other lipoidal struct- 
ures, may that these threads, rods, are merely part 
some different nature. Yet, since typical mitochondria 
persist after the disappearance typical substance, and various 
gradations can traced the stage almost total replacement 
the original ganglion cell, would seem safe call these mito- 
chondria under the present use the term. 

would desirable have some means quantitative estima- 
tion the mitochondria for these purposes, but the one far de- 
scribed does not prove applicable the rod-like forms. 


CONCLUSION. 


Typical mitochondria can found the spinal ganglion cells 
monkeys with experimental poliomyelitis, even when typical Nissl 
substance has disappeared, and mitochondria-like structures are 
found the remaining protoplasm the latest stage neuro- 
phagocytosis. 


Thurlow, M., Contributions embryology, Carnegie Institution Wash- 
ton, Publication No. 226, 1917, Contribution No. xvi. 


. 
= 
\ 


THE LOCALIZATION STREPTOCOCCUS VIRIDANS. 
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(Received for publication, August 1917.) 


The theory the power selective action the part bac- 
teria, with regard the tissues which they may localize, 
means new one. have known for many years that the menin- 
gococcus has predilection for the meninges, for 
the mucous membrane the throat, Bacillus typhosus for lymphoid 
tissue, the pneumococcus for the lungs, and Bacillus pertussis for the 
tracheal mucous membrane. But that different strains the same 
organism should possess distinct localizing power and should vary 
consistently their selective action not generally accepted. 


Since Rosenow (1) put forward this theory 1915, there has been great deal 
discussion the subject and widely divergent views have been expressed. 
This observer claims that streptococci, particular, possess the power elective 
localization and has attempted substantiate his statements animal experi- 
ments large scale. maintains that (1) streptococci isolated from gastric 
ulcer, appendicitis, cholecystitis, endocarditis, myositis, and neuritis when in- 
jected into animals tend produce lesions similar both location and kind 
those from which they were originally obtained; (2) this power selective action 
lost sooner later upon subculture the organism artificial media. was 
with view determine just how far these observations could confirmed that 
the present work was undertaken. 

1914 Rosenow published his newer methods investigating the bacteriology 
various diseases (2), giving his technique for obtaining cultures from diseased 
tissues and from foci infection. 1915 his paper (1) appeared demonstrating 
the streptococcus etiologic factor nine diseases, showing that the organ- 
ism could obtained pure culture from the lesions and from foci infection 
patients, that when these organisms were injected into animals they localized 
and produced higher percentage lesions the organs corresponding those 
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affected the patients than those not affected, and that this power lost 
short time when the organism grown artificial media. The site locali- 
zation shown changed animal passages and this associates with 
corresponding increase virulence. Since then and his colleagues have claimed 
elective affinity streptococci for the ovaries (3) ovaritis, for the ganglia 
and posterior roots herpes zoster (4), for the nerve trunk, muscles, and perios- 
teum facial neuralgia due alveolar abscess (5), for the gall bladder 
cholecystitis (6, 7), and extensive review gastric and duodenal ulcer (8) 
has concluded that streptococci from gastric ulcers and from foci infection 
these cases have selective affinity for the gastric mucosa, while streptococci 
from duodenal ulcers produce rabbits ulcers the duodenum more frequently 
than the stomach. 

Oftedal (9) found evidence elective localization streptococci isolated from 
the sputum patients with bronchial asthma, the bronchi and lungs rab- 
bits. Irons, Brown, and Nadler (10) stated that streptococcus isolated from 
the tear sac patient suffering from iridocyclitis produced iridocyclitis rab- 
bits. the other hand, Henrici (11) found that rheumatic lesions rabbits are 
produced equal proportions both hemolytic and non-hemolytic streptococci, 
and does not recognize any class streptococcus specific for rheumatic fever. 
also found after using fifty-three strains that carbohydrate fermentation tests 
are significance from the standpoint tissue localization. Moody (12) 
found that streptococci from chronic alveolar abscesses patients with arthritis 
produce rabbits most lesions the joints, and that streptococci from the same 
sources patients who have lesions other than arthritis and patients who have 
other ailment, produce most lesions the stomach. Celler and Thalhimer 
(13) state that intravenous inoculation streptococci, isolated from cases 
gastric ulcer, yielded gastric lesions 13.3 per cent. 


EXPERIMENTAL. 


the work here reported strains Streptococcus viridans only 
were used. The plan followed was use each culture streptococ- 
cus immediately upon isolation. The reason for this, course, 
that claimed (1) that strains streptococci lose their special 
localizing power subcultured. some instances the strains were 
used isolated and again after several subcultures had been made. 
frequently happens, however, that impossible for some reason 
try out strain once, but these cases the fact indicated 
the reports. The number rabbits used for the first inoculation 
was usually three, but this also was not strictly adhered because 
circumstances which could not control. The organisms were 
obtained from many different sources and from patients suffering 


comprehensive possible. 


Technique. 


The strains streptococci employed these experiments were ob- 
tained recognized methods bacteriological procedure. cases 
endocarditis the technique blood culture was that described 
1916 (14), while the instances which the affected valves were 
cultured, the tissues were treated after the manner described 
Rosenow (2). This was also carried out culturing appendices, 
gall bladders, and other tissues. Cultures from the tonsils were ob- 
tained expressing the cheesy material and other debris from the 
tonsillar crypts after swabbing the surface with sterile gauze. Ex- 
tirpated tonsils were washed sterile saline solution, then carefully 
opened, and material from the depths was cultured. 

Abscesses the apices teeth were cultured the dentist’s of- 
fice the dental clinic the hospital. After swabbing the area 
operation with per cent iodine, the tooth was extracted with 
great care prevent contamination, and cultures were taken from 
the apex. Sometimes the tooth was broken open and cultures 
Streptococcus viridans were obtained from the pulp. The technique 
connection with cases pyorrhea alveolaris was simple and ef- 
fective. Preparation the area was carried out described and 
fine capillary pipette with bulb attached inserted between the tooth 
and the gum. point can usually thrust quite depth and 
the bulb never released until the point the bottom the 
pocket. these cases Streptococcus viridans pure culture results 
nearly every instance. 

Rabbits about weeks old were used, and were inoculated 
intravenously, the marginal ear vein. The preparation the cul- 
tures for inoculation described previous communication (14). 
The doses were large but not sufficient cause immediate very 
early death, except few instances. The average time elapsing 
between the date inoculation and that postmortem examination 
was days. Postmortem examination was performed upon 
the animals immediately following their death. Many were chloro- 
formed and examined and hours after inoculation. Sections 
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all the important organs were cut and suitably stained and these 
aided materially the search for lesions. 

convenient divide the results into four parts according 
the origin the organism studied. 


TABLE 
Organisms Obtained from the Appendix. 


Lesions with 


2nd, and 3rd 


strains and 
Organ. animals. animals. 


Lesions with Lesions with 
older subcul- animal passage 
tures; strains |strains; strains 
and animals. and animals. 


cent. cent cent. cent. 


Organisms Isolated from Infected organisms 
were obtained from the serosa the wall the appendix, the adja- 
cent lymph glands, and two three strains from the lumen from 
pus localized appendical abscess were used after had been 
shown that they did not ferment mannite. 


. 
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Organisms Isolated from the Gall Bladder.—We laid little emphasis 
whether the organism was obtained from the contents, the mucosa, 
from the wall, believing that when streptococcus obtained 
pure culture from any these sites and other organism found, 
that the cause the lesion and useful for experimental work. 


TABLE II. 
Organisms Obtained from the Gall Bladder. 


Lesions with direct Lesions with animal 
cultures; 4 strains and passage strains; 2 
Organ. animals. strains and animals. 
No. Per cent. No. Per cent. 


Organisms Isolated from the these cases the tonsils 
selected were those clinically known diseased and regarded 
probable focus infection patients suffering from various ailments. 
avoided mouth contamination culturing after removal and 
used only pure cultures streptococci obtained from the deep ton- 
sillar tissue. 
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Organisms from Blind Abscesses and Pyorrheal Pockets.— 
the case infected tonsils, the cases selected were believed 
have foci infection these areas and only pure cultures strep- 
tococci were used. 

TABLE 


Organisms Obtained the Tonsil. 


Lesions with Lesions with Lesions with 


direct cultures; 2nd, and animal passage 

Aorta 


Allowance was also made for the age the strain used, and again 
four classes were made: (1) direct culture; (2) organisms first, 
second, third subcultures; (3) organisms older than the third sub- 
culture; (4) organisms after animal passage. 

Appendix (Table I).—Strains used Animals used 


= 


will noted that the largest percentage lesions found 
the myocardium. Next come joints and endocardium. lesions 
are found the gall bladder the intestine. When the strain 
young the lesions the appendix are frequent the endocar- 
dium and more frequent the stomach than the appendix. Later 


TABLE IV. 


Organisms Obtained from Tooth Abscesses and 


Lesions with direct Lesions with 2nd, 
cultures; strains and and 3rd subcultures; 
Organ. animals. strains and animals. 
Per cent. Per cent 


none are found the stomach appendix, while there are more 
the endocardium. 


Gall Bladder (Table used Animals used 16. 
Here joints are first, followed myocardium and endocardium 
and stomach, with equal percentage lesions each the 
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two latter. After animal passage lesions are produced the gall 
bladder, but are observed the muscles and joints. 

Tonsils (Table used Animals used 14. 

Although the lesions the heart are most frequent, there 
wider variation organs showing high percentage lesions than 
found strains from gall bladder appendix. 

Tooth Abscesses and Pyorrhea (Table IV).—Strains used Arimals 
used 20. 

Again although the largest percentage lesions the heart, 
there wide variation organs attacked. 

Taking our results toto, regardless the origin age the 
strain, find most lesions the myocardium, followed closely 
the endocardium and joints. 


DISCUSSION. 


The lesions which observed were both gross and microscopic; 
ulceration the stomach, vegetations the endocardium, turbid 
fluid the joints, and hemorrhage the mucous and serous surfaces 
being typical the former, while the may conveniently 
discussed under three types. 

Hemorrhage.—Besides those observed the gross and verified 
microscopic examination, frequently found areas hemorrhage, 
not visible the naked eye, which were quite extensive microscopi- 
cally and which showed leukocytic reaction around the margin 
the hemorrhage. The agency which this lesion brought about 
all probability minute bacterial embolus which lodges the 
vessel, invading and weakening the wall and thus leading rupture. 
Although there may reaction around the margin the hemor- 
rhage have seen around these vessels. 

Bacterial Emboli.—Frequently examining sections tissue in- 
volved, one encounters picture with the following characteristics: 
Small masses bacteria, bacterial emboli, are seen, which may 
distinctly small vessel which may have apparent relation 
one. Sometimes the embolus forms the nucleus microscopic 
abscess ‘and again there apparent cellular reaction. pos- 
sible that these are different pictures one process and that distal 
the vessel blocked embolus and surrounded leukocytes 
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there may area hemorrhage. Serial sections would neces- 
sary decide this question (Figs. and 2). 

Areas Leukocytic perhaps the most common 
type lesion and occurs all organs (Fig. 3). The cells are mostly 
lymphocytes with usually few polymorphonuclears scattered 
throughout. Such areas occur around blood vessels which are ap- 
parently normal, around masses bacteria, and sometimes without 
apparent relation either but relation area necrosis 
degeneration parenchymal cells (Fig. 4). 

Although our results the whole not favor the idea elective 
localization, few individual strains produced some evidence which 
worth recording. 

Strain 16.153 was Streptococcus viridans obtained from appendix ab- 
scess. The second subculture was injected into Rabbit which soon afterwards 
commenced restless and irritable. hours the rabbit had convulsions 
which were repeated intervals for the next hours, when died. The au- 
topsy showed hemorrhages the cortex the brain. 

Rabbit had similar injection, showed the same early restlessness, had con- 
vulsions hours, died hours, and had fine hemorrhages the cortex 
the brain. 

Rabbit was injected with the streptococcus recovered autopsy from the 
heart’s blood Rabbit precisely the same hour before the rabbit had 
convulsions followed paraplegia. The patellar reflexes were increased. 
hours was chloroformed and autopsy revealed diffuse hemorrhage covering 
two segments the lower dorsal region the cord. 

Rabbit was injected with the original strain after weeks laboratory 
subculturing. the 7th day was found have paraplegia and was chloro- 
formed. The autopsy showed diffuse hemorrhage with softening the sacral 
enlargement the cord. 

After further subculture for days the strain produced lesions 
the heart and joints only, and, after five animal passages, failed 
regain its virulence for the nervous system. Why streptococcus 
causing appendicitis patient should this one instance per- 
sistently attack the nervous system are unable explain. 

Strain 3,a Streptococcus viridans from alveolar abscess, 
produced focal glomerular nephritis each three rabbits. Many 
the glomeruli contained masses bacteria with surrounding: de- 
generation and leukocyte infiltration. Other similar instances occur 
our records. 
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Such evidence this seems support the idea that there 
may tendency for strain streptococcus localize cer- 
tain tissue peculiar for that strain but without relation its origin. 


CONCLUSIONS. 


The results our experiments not substantiate full the 
theory the power selective action Streptococcus viridans. 

few strains showed remarkable constancy location and type 
lesion, but these strains were greatly the minority. 

The location the lesions animals seemed bear relation 
the origin the organism the lesions produced the 
patient from which the strain was obtained. 

Streptococcus viridans, regardless site origin the patient, 
produced most lesions the heart and joints. 
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EXPLANATION PLATES. 


Heart muscle; vessels plugged with bacteria. infiltration. 
Fic. Glomerulus nearly filled with bacterial growth. 


PLATE 


Fic. round celled infiltration. 


Fic. Cortex brain. Note the perivascular round celled infiltration and 
degeneration, also meningeal involvement. 
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(Detweiler and Maitland: Localization Streptococcus viridans.) 
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recent found that after largely abolishing 
the function the living pancreas dogs, without resecting this gland, 
there was usually marked hyperglycemia glycosuria. Occa- 
sionally, however, there occurred rises the glycemia some 
these animals which were greater than those generally observed 
the normal dogs. these animals had less than per cent un- 
killed pancreatic tissue remaining and were entirely without any ex- 
ternal pancreatic secretion, looked upon this occasional hyper- 
glycemia sign weakness the carbohydrate metabolism. The 
idea then suggested itself that any factor causing hyperglycemia 
would probably call forth greater response animals with pan- 
creatic deficiency than normal individuals. This conception was 
readily put experimental test, and may state that our expec- 
tations were fulfilled. 


Method. 


Dogs only were employed, and pancreatic deficiency was produced 
four ways. the first method the pancreas was largely coagulated inject- 
ing alcohol-acetic acid into the main excretory duct, the accessory duct being 
clamped ligated. successful experiments less than per cent the pan- 
creas remains uncoagulated. the second group dogs, the entire pancreas 
was resected, but the uncinate process with its blood supply intact was trans- 
planted the subcutaneous tissue one stage operation. should noted 
that both classes dogs were deprived their pancreatic digestive juices. 
another type the pancreas was largely resected, but approximately one-sixth 
the gland about the excretory ducts was allowed remain. Such animal 
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therefore not deprived entirely its pancreatic digestive juices. the fourth 
class the uncinate process and tail the pancreas were merely ligated, leaving 
about one-third the structure connection with the excretory ducts. All 
operations were performed under full ether anesthesia. 

The method for causing hyperglycemia gave some trouble, for desired 
procedure which would not subject the animals undue strain, our first 
study the effects coagulation the pancreas situ was not completed and 
were using the same The method therefore should harmless 
possible, and addition should not entail the use glucose other sugars 
any way. These demands were satisfied injecting morphine subcutaneously. 

The dose morphine sulfate was small, usually mg. per kilo body weight, 
and the site injection was the subcutaneous tissue the chest. 

All the dogs with experimental pancreatic deficiency had been operated 
months before the morphine test. 

controls used apparently normal dogs, dogs which had been fasted 
for either days. 

All the dogs, except those fasting, were fed once daily diet composed about 
100 gm. cooked meat scraps, and 400 500 gm. bread-meat broth mixed with 
ground bone. 

The samples blood were invariably drawn from external jugular vein into 
syringe containing small amount sodium oxalate. general, four 
samples 2.5 cc. blood were drawn from each dog: normal sample, and 
then three more hourly intervals calculated from the time the morphine 
injection. 

After obtaining the blood sample, the glycemia was determined the Lewis- 
Benedict method modified Myers and 


RESULTS. 


Four dogs, all females, were used the first series experiments. 
Two them, Dogs AK5 and AK32, were theoretically the pre- 
diabetic stage, least per cent the pancreas had been de- 
stroyed each coagulation months and months ago re- 
spectively. Neither showed glycosuria. The glycemia Dog AK5 
had ranged between 0.10 and 0.15 per cent; Dog AK32 between 
0.09 and 0.19 per cent, the latter figure being reached only twice be- 
fore the morphine experiment was made. ‘The two remaining dogs 
were normal animals and served controls. All four dogs received 
mg. morphine sulfate per kilo subcutaneously the chest. 
They had been fed hours before. 
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The changes the glycemia are striking and are brought out 
the curves Text-fig. will seen that the two controls showed 
but slight increase the glycemia during the hours following 
the morphine injection, the maximum level reached being 0.15 per 
cent, increase only 0.04 per cent over the normal. 

the dogs with pancreatic deficiency, however, there was tre- 
mendous rise the blood sugar after the morphine. With Dog AK5 
the blood sugar rose from 0.13 0.28 per cent after hours; Dog 
AK32, from 0.19 0.32 per cent the same length time. 
these animals, therefore, the same dose morphine caused rise 
0.15 and 0.13 per cent respectively the blood sugar, increases 
which are three four times greater than those observed the 
controls. 

the second series experiments two dogs with pancreatic de- 
ficiency and two controls were employed. One the prediabetic 
dogs was again Dog AK5; the second one was Dog AK37 whose pan- 
creas with exception the uncinate process had been resected 
month previously, the uncinate portion with intact blood supply 
being transplanted the abdominal subcutaneous tissue. The lat- 
ter dog had glycosuria beyond occasional faint trace, and the 
blood sugar had ranged between 0.09 and 0.15 per cent. The controls 
were normal animals which had been fasted for days. The predia- 
betic dogs, Nos. AK5 and AK37, were not fed the day the 
morphine experiment. The two controls and the dog with the sub- 
cutaneous pancreatic graft (Dog AK37) received mg. morphine 
sulfate per kilo subcutaneously; Dog AK5, however, was only given 
mg. per kilo. 

The results are clearly shown Text-fig. again ob- 
serve striking quantitative difference the glycemia the two 
groups. The control dogs, starting from the 0.09 0.10 per cent 
level, show merely rise 0.05 per cent within hours after the mor- 
phine. The prediabetic dogs, the other hand, though beginning 
practically with the same glycemia the controls, develop within 
hours after the morphine hyperglycemia 0.21 per cent Dog 
and 0.30 per cent Dog AK37, levels which represent rises 
0.10 and 0.19 per cent the blood sugar respectively. must also 
remembered that one prediabetic dog, No. received only 
half the amount morphine per kilo which was given the controls. 
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third group the effect mg. morphine per kilo showed 
the same general difference described before, and graphically shown 
Text-fig. The pancreatic deficiency Dog AK23 was caused 
months previously coagulating most the pancreas situ with 
alcohol-acetic acid. The glycemia this dog since operation had 
ranged between 0.120 and 0.20 per cent, the latter figure being reached 
only occasionally. There was glycosuria except occasional 
faint trace. This dog was not fed the day the experiment, but 
through oversight the control, Dog C5, was fed hours before. 
The latter dog vomited large amount food within few minutes 
after the morphine was given. 

From the curves Text-fig. will seen that the control’s 
blood sugar rose from 0.136 0.161 per cent within hours after the 
morphine administration, increase 0.025 per cent. The other 
dog, however, with deficient pancreas showed glycemia which rose 
from 0.20 0.306 per cent within hours after the morphine, rise 
0.10 per cent, four times more than the control. 

fourth series studied the effect morphine when admin- 
istered two fasting dogs with the pancreas intact. The fasting 
period had lasted days, the animals having free access 
water. Both dogs weighed originally 8,750 gm. Dog lost 2,900 
gm., and Dog C4, 2,750 gm. during the fasting period. The control, 
Dog C6, was normal dog weighing 7,500 gm.; had not been fed 
the day the morphine test. amount morphine was 
mg. per kilo, given subcutaneously usual. 

the fasting animals, Dogs and C4, the morphine produced 
considerable rise the glycemia which was fairly comparable with that 
observed the dogs with experimental pancreatic deficiency. 
Both dogs, starting the normal level 0.090 0.104 per cent, 
showed hours after the morphine test, glycemia 0.204 
and 0.197 per cent, which represent increases 0.09 0.11 per cent. 
The normal control, Dog C6, showed before the morphine in- 
itially rather high glycemia, 0.175 per cent; hour after the morphine 
the blood sugar had fallen 0.10 per cent, but rose again during the 
next hours slightly above the original premorphine 
fig. gives these results graphic form. 

The control this experiment can hardly considered normal 
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animal. The controls Text-figs. and give better picture 
the response normal animal the subcutaneous injection 
morphine. 


Blood Sugar 


fed this day. 
ours 


Influence prolonged fasting morphine glycemia normal 
dogs. 


fifth and final series experiments employed dogs which 
pancreatic deficiency had been produced other means than those 
used the previous groups. Dog BD3, female weighing 7,750 
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gm., five-sixths the pancreas had been resected months before, 
the residual sixth remaining connection with the excretory ducts, 
that the animal had some pancreatic digestion. days after the 
operation the blood sugar was 0.277 per cent and the urine showed 0.5 
per cent sugar; within few days, however, the blood sugar fell 
normal level, fluctuating between 0.09 and 0.13 per cent, and the 
urine was sugar-free. Dog AK40, female weighing 11,000 gm., 
the uncinate process and the tail the pancreas had been ligated off 
without resection months before. there was reason expect 
hyperglycemia glycosuria this animal, only one blood sugar 
examination was made month after the operation; the result was 
0.09 per cent. The urine was not examined. Both dogs, Nos. BD3 
and AK40, were excellent physical condition. The control dogs, 
Nos. and C8, were apparently normal males weighing respectively 
6,250 and 7,000 gm. None the dogs were fed the day the 
morphine experiment. All the dogs this group received mg. 
morphine sulfate per kilo subcutaneously the chest. 

Text-fig. gives the plotted blood sugar curves this group. The 
only animal which shows the characteristically prompt, strong rise 
glycemia the dog with partial pancreatectomy, No. BD3. this 
dog the blood sugar rose from 0.125 0.213 per cent minutes, 
increase 0.09 per cent. 

Dog AK40, which portions the pancreas had been ligated 
off without resection, the rise blood sugar did not exceed 0.03 per 
cent above the premorphine sample. 

The sugar curve the controls quite different from that seen 
Dog BD3; Dog the blood sugar rises slowly after hours 
0.05 per cent above the normal level; the curve exhibits rise 
whatever. The latter animal shows initial fall blood sugar 
after the injection morphine, but this instance the blood sample 
had been taken earlier than the other dogs. similar initial fall 
the blood sugar after morphine may also seen Dog 
where blood sample was taken minutes after the 
morphine dose. 


urine Dogs AK5, AK23, and AK32 (experiments Text-figs. 
and was collected for least hours after the morphine injection. 
sugar was found, except Dog (Text-fig. where examination revealed 
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0.52 per cent sugar 160 cc. urine; there was noalbumin. The next 24hour 
quantity urine was sugar-free, although gm. glucose were fed daily be- 
ginning with the day after the morphine test. The urine the other dogs, except 


Blood Sugar 
PerCent 


before test. 
uncinate process and tail 


dogs not fed day test. 
Hours 


Influence partial pancreatectomy morphine glycemia. 


Dog BD3 (Text-fig. 5), was not collected. Dog BD3 showed sugar the 
hour urine collected after the morphine test. 

dose morphine used these experiments all probability 
larger than necessary. The glycemia curves Dog Text-fig. and 
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Dog BD3 Text-fig. show that well marked rise the blood sugar dog 
with pancreatic deficiency may obtained with only mg. morphine per 
kilo. Possibly dose morphine can found which will increase the blood 
sugar prediabetic dogs and have effect the blood sugar level normal 
animals. 

How this hyperglycemia after morphine dogs with pancreatic deficiency 
produced shall not discuss here. That morphine larger doses may cause 
hyperglycemia dogs well 

General two groups dogs all series exhibited marked 
differences their general response the morphine injection. Ail became more 
less drowsy; defecation was caused almost all animals, but retching and vomit- 
ing was practically absent the dogs with pancreatic deficiency and the fasted 
controls. 


DISCUSSION. 


The series experiments briefly described and figured the pre- 
ceding pages show unmistakably that the subcutaneous injection 
mg. morphine sulfate per kilo body weight produces 
much greater and prompter increase the blood sugar dogs with 
reduced amounts pancreatic tissue than normal animals. Text- 
figs. and Table illustrate this well and show the quan- 
titative values obtained the two classes dogs. 

There is, however, aspect this morphine hyperglycemia which 
may practical importance. These dogs with small mini- 
mal amount pancreatic tissue may legitimately considered 
prediabetic stage the light much experimental work, especially 
that this basis, the morphine glycemia test may 
value the clinician for detecting patients with weakened carbo- 
hydrate metabolism, thus permitting the early institution ap- 
propriate dietary order prevent the potential diabetes from 
developing into actuality. The test, moreover, easily carried out, 
less than cc. blood will necessary the Epstein 
employed. Only three samples blood, each 0.2 cc. amount, 


Hirsch, E., and Reinbach, H., physiol. Chem., 1914, xci, 299-301, Experi- 
ments XI, and XIV. 

Allen, M., Studies concerning glycosuria and diabetes, Cambridge, 1913. 

Epstein, A., Am. Med. Assn., 1914, 1667. simplification the 
procedure being developed one which will ready for publication 
shortly. 
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would then necessary, the normal, control sample, and two further 
samples taken and hours respectively after the morphine injec- 
tion. The amount morphine given the human subject cannot, 
course, calculated kilo for kilo from the doses used for dogs; 
probably mg. morphine sulfate grain) would suffice for 
adult. 

Whether the morphine test will yield the same result with human 
beings the prediabetic stage which obtained experimentally 
dogs, only actual trial can determine. Such trial, however, be- 
lieve warranted our results and the simplicity the procedure. 
The injection moderate dose morphine surely not more 
strain the organism with possibly defective carbohydrate metabo- 
lism than the ingestion 100 200 gm. glucose; moreover, will 
remembered that morphine has been and administered diabetics 
with apparently beneficial results. Thus, for example, re- 
ported that opium, morphine, and especially codeine reduce the gly- 
cosuria human diabetes. therefore unlikely that morphine 
will work harm the prediabetic stage human diabetes. 

When suspect the prediabetic stage patient will offer 
difficulties the physician. The combination racial family 
predisposition, neurotic temperament, rheumatoid pains, and periods 
muscular weakness point possibly defective carbohydrate 
metabolism, though not associated with glycosuria. there 
furunculosis, pruritus, increased thirst and micturition, 
early development impotence, prediabetic stage sus- 
pected, even though the urine sugar-free. such cases the 
morphine test worthy trial. 

Sugar Tolerance.—It should mentioned that the sugar tolerance 
the dogs which the pancreas had been coagulated alcohol was 
surprisingly good. For example, Dog AK5, days after operation 
excreted only 0.3 gm. sugar per kilo after being fed gm. per 
kilo. From the 119th day the 175th day the same dog was fed 
daily, except the day the morphine test, gm. sugar per kilo, 


Pavy, W., Guy’s Hosp. Rep., 1870, xv, series 3,420. may noted that 
much grains (165 mg.) morphine hydrochloride were administered 
three times day Pavy’s Case (p. 430). 
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addition the regular mixed diet, but sugar appeared the 
hour urines. 

Another example furnished Dog AK32. This dog showed 
severe diabetes during the 1st week after the operation: the glyco- 
suria varied between 2.7 4.8 per cent and the blood sugar ranged 
from 0.16 0.32 per cent. Within weeks the urine became sugar- 
free and the glycemia oscillated between 0.09 and 0.17 per cent. 
tolerance test the 21st day after operation (10 gm. sugar per 
kilo per os) caused sugar excretion whatever. Thereafter this ani- 
mal’s urine the time death, 118 days after operation, never 
showed any sugar, beyond occasional faint trace. therefore 
evident that strong hyperglycemia after small doses morphine can 
even then obtained when the carbohydrate metabolism only 
moderately impaired. 

Fasting.—In dogs which had fasted sufficiently long, the subcuta- 
neous injection mg. morphine sulfate per kilo sufficed apparent- 
the two animals, Dogs and C4, which had fasted days, the 
subcutaneous injection mg. morphine sulfate per kilo produced 
hours hyperglycemia 0.20 per cent, the normal level 
the same animals being 0.09 0.10 percent. Since the dogs with 
deficient pancreas, excepting Dog BD3 (Text-fig. 5), were losing 
weight constantly spite liberal mixed diet, because they 
were devoid pancreatic digestion, might objected that the 
morphine hyperglycemia which have described merely indicates 
fasting state and not weakness the carbohydrate metabolism, 
have assumed. interpretation, however, probably only 
partially correct best and means decreases the value 
our results. has been well known since the time Claude 
Bernard that fasting cachectic animals general may respond 
with transitory glycosuria the ingestion full meal carbohy- 
drates, but clear that such alimentary glycosuria must due 
temporarily weakened carbohydrate metabolism, for the normal 
organism would show sugar-free urine. Therefore the morphine 
hyperglycemia which observed during fasting additional evi- 
dence for the correctness our working hypothesis that morphine 
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will cause greater hyperglycemia animal with impaired car- 
bohydrate metabolism than normal individual. 

the whole, therefore, may said that the morphine hyper- 
glycemia during severe fasting not only evidence against the 
correctness our hypothesis but is, the contrary, just what that 
view demands. Furthermore, must emphasized that pan- 
creatic deficiency without obvious fasting, Dog BD3 (Text- 
fig. 5), also causes well marked hyperglycemia when small dose 
morphine injected subcutaneously; severe fasting per se, there- 
also not necessary factor for the appearance marked 
hyperglycemia after morphine prediabetic dogs. 

should observed that moderate degree fasting in- 
sufficient bring out the morphine hyperglycemia. Thus fast- 
ing period days Dogs and did not cause marked hyper- 
glycemia after morphine, the curves Text-fig. show. 


SUMMARY. 


The subcutaneous injection mg. morphine sulfate per 
kilo subcutaneously dogs with pancreatic deficiency, whose sugar 
tolerance still good, produces rise the glycemia about four times 
greater than the same amount morphine calls forth normal dogs. 

dogs with pancreatic deficiency due coagulation partial 
resection the gland may legitimately considered predia- 
betic state, the inference warranted that the morphine test may 
value detecting weakened carbohydrate metabolism the 
human subject. The test could easily and without danger carried 
out with the micro methods now available for the quantitative 
determination blood sugar. 

The experimental facts described this paper give additional cor- 
roboration the view that the response normal and patho- 
logically altered organism the same drug the same dosage may 
quantitatively very different. 
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Definition Terms. 


The amount air person able expire after maximum in- 
spiration called (Hutchinson, 1846). The vital 
capacity does not, however, indicate all the air within the lungs. 
certain quantity remains even after maximum expiration; call 
“residual (Davy, 1800). The sum the vital capacity 
and the residual air, the total volume air held the completely 
filled lungs, called the capacity” lung 

one stops breathing half-way between normal inspiration 
normal expiration, there will the lungs certain quantity air 
greater than the residual air and less than the total capacity (Text- 
figs. and call this amount air the 
(Panum, 1868). The difference between the middle capacity and the 
total capacity (all that can breathed after half expiration) 
called the difference between middle capacity 
and residual air (all that can breathed out after half expira- 
tion) called the “complementary 


Siebeck suggested 1910 defining the middle capacity the amount air 
the lungs after full normal expiration, instead after half expiration. 
this paper the definition Panum used. 

Hutchinson (1846) created the terms air” and “reserve air.” 
used different definitions, however, defining the complementary air the 
quantity air person can inspire after normal inspiration, and the reserve 
air the amount that can expired after normal expiration. 
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COMPLEMENTARY 
AIR 
CAPACITY 
CAPACIT AIR 
RESIDUAL 
AIR 


Approximate lung volumes for average normal man. 


CAPACI 
TIDAL AIR 
CAPACITY 
RESERVE 
AIR 
MIDDLE! 
CAPACIT 
RESIDUAL 
AIR 


Approximate lung volumes for average normal woman. 
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accordance with the definition now use, the vital capacity 
equal the sum the reserve and complementary air. Under nor- 
mal conditions the difference between the inspiration and expiration 
(the tidal air) much less than the vital capacity, and can approxi- 
mately estimated 500 cc. This means that person only uses 
250 cc. his reserve air and his complementary air normal 
breathing. The rest the vital capacity considered 
reserve which can used necessary under abnormal conditions. 
There striking contrast, however, between the reserve air and 
the complementary air, the former always being within the chest and 
the latter always being outside the chest under normal resting condi- 
tions (Hutchinson). 


Methods for Determining Lung Volumes. 


The vital capacity, the tidal air, the reserve air, and the comple- 
mentary air determined meansof calibrated, easily movable 
spirometer. determining the residual air, however, necessary 
apply more complicated method. usually determined 
having the subject expire completely until only the residual air 
left the lungs. then inspires from bag spirometer contain- 
ing known amount nitrogen, oxygen, hydrogen, which 
mixes with the air his lungs respiring from five seven times. 
Then the mixture analyzed and the amount residual air calculated 
from the degree which the air the chest has diluted the gas 
the bag spirometer. The total capacity and the middle capacity 
can determined either directly the bag alone, indirectly 
adding the residual air the vital capacity and the reserve air re- 
spectively, determining with spirometer. have, our work, 
determined all the figures means the mixing method and later 
checked the vital capacity means spirometer. 

Our technique has been the following: rubber bag evacu- 
ated and filled with liters pure oxygen; determining the residual 
air sometimes use liters. The bag connected three-way 
stop-cock. The subject closes his lips air-tight around the rubber 
the stop-cock. The nose closed Fora 
few respirations the stop-cock held such position permit 
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free passage between the lungs and the outside air. Then the sub- 
ject brings his lungs the desired position and retains that position 
long enough have the stop-cock turned connect the rubber 
bag with his lungs. Four five fairly deep respirations are sufficient 
mix the air the lungs with the air the bag (see below). 
ple then drawn out the bag and analyzed for nitrogen, carbon 
dioxide and oxygen being absorbed simultaneously alkaline pyro- 
gallol. volume calculated the following way: 


the lung volume liters. 


the percentage nitrogen the lung air before the experiment 
(usually 79.1 per cent, see page 72). 

the percentage nitrogen the sample from the bag the end 
the experiment (or the percentage nitrogen the lungs after 
mixing). 

=theamount oxygen the bag liters the beginning the 

experiment. 


curve Text-fig. 

The curve and formula can only used the oxygen the tank 
pure correction made that the bag will contain liters 
oxygen. that case the excess nitrogen the bag, impurity 
the oxygen, must subtracted from the calculated lung volume. 

Our spirometer easily movable Krogh (1912) apparatus. The 
person connected with the spirometer means three-way stop- 
cock least 1sq. cm. bore. order determine the vital capacity, 
the person must fill his lungs and stop breathing fora moment. The 
stop-cock then turned and maximum expiration made into the 
spirometer. untila constant value The 
determination the vital capacity can combined with the deter- 
mination the residual air three-way stop-cock arranged 
that after expiring into the spirometer the subject instantly con- 
nected with rubber bag containing liters oxygen, de- 
scribed above. The vital capacity can also determined 
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CORRECTION 


page 68, Vol. xxvii, No. January 1918, the formula 


should read 


= 


The upper 
liters oxy 
may cau: 


79.1 per cen 


the lower when 


are used. The lower curve given three forms indicate the range error which 
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Curves for calculation lung volume (air content) determined the dilution method. 


Ee 


4° 


maximum variations the nitrogen content the alveolar air from the usual valye 


rve for use when liters pure oxygen are mixed with the lung air, 
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maximum inspiration from the spirometer, but the results 


are somewhat smaller than those obtained expiration (Table III). 

order determine the reserve air and the complementary air, the 
person must breathe normally for some time into the spirometer, 
which contains liters per cent oxygen prevent dyspnea. 
When the breathing regular, maximum respiration made. 
This respiration must equal the previously found vital capacity. 

The figures can given directly values corrected for tem- 
perature, pressure, and moisture. have not corrected them. 
Our figures refer the gas volumes measured 21° 


Accuracy Methods. 


spirometer method will always give the true 
vital capacity that particular moment. The maximum read- 
ing error cc. Measuring the vital capacity the same person 
several times, one finds that the results obtained differ amounts 
usually less than 200 cc., most cases from per cent the 
vital capacity. These differences are not due the method, but 
the inability the subject reach the same point inspiration 
expiration, both, every time. Bohr recognized the fact that the 
vital capacity not constant. considered the maximum inspira- 
tion fixed point, and that the discrepancies the determinations 
the vital capacity were due the expiration, the last part which 
done the diaphragm. showed later that 
possible train person increase his total lung volume. 
found, furthermore, that the total capacity and vital capacity three 
normal persons decreased when they changed from the standing 
the lying position. This does not exclude the fact that the maximum 
inspiration fixed point and the maximum expiration variable 
point when the determinations are made within short time and 
with the subject the same position. 

Dilution Method.—In the rubber bag method, or, may more 
accurately called, the dilution method,’ there are possibilities for 
several errors. The analytical error very small because large 


The volume air the lungs determined way analogous the deter- 
minations the residue the stomach Ewald’s test meal. 
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amount air may taken for analysis. determination where 
cc. are taken for analysis, the error falls below 0.2 per cent, even 
when special precautions are taken, such the use thermo- 
barometer. The main source error the difficulty obtaining 
homogeneous mixture air the lungs and the gener- 
ally supposed that five seven fairly deep respirations are sufficient 
mix even pure hydrogen with the air the lungs. recent study 
Sonne has shown that essential pay more attention 
that problem than was formerly considered necessary. Sonne found 
that was very difficult, and some instances almost impossible, 
get homogeneous mixture the lungs inhaling foreign air. 
found extremely difficult get proper mixture mixing the 
lung air with nitrous oxide done Krogh and Lindhard’s (1912) 
method for determining the blood flow. Krogh and Lindhard them- 
selves have later (1917) admitted this difficulty. have, therefore, 
been very careful controlling our results. have done this 
three different ways: 

(1) performing our experiments the same person with dif- 
ferent numbers respirations (Table seen the table, in- 
creasing the number respirations beyond four least liter ex- 
cursions does not change the results. The slight differences obtained 


TABLE 
Effect Variations the Number Respirations Results the Dilution 
Method. 
Excur- volume calculated from analyses mixed gases 


liters liters liters liters liters liters liters liters liters 


1.84 
Normal 3.0 3.96 3.90 
4.00 
3.92 


2.20 2.74 
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are not due incomplete mixture, but the previously men- 
tioned impossibility starting the respiration from the same point 
different experiments. have tried overcome this difficulty 
(2). 

(2) taking samples from the rubber bag after different num- 
ber respirations the same experiment (Table II). These experi- 
ments show that obtained almost constant values nitrogen 
the rubber bag after four five respirations. all the experiments 
this table the subject has started from maximum inspiration, 
which probably more unfavorable condition for mixing than 
starting from maximum expiration, because one unable empty 


TABLE II. 
Analyses Mixed Gases the Bag after Varying Numbers Successive 
sae mount 0 pure oxygen | sion Of | 


rations. | respi- 
rations. 


liters liters per cent per cent 

60.1 


the rubber bag each time. The respiratory excursions these ex- 
periments have been from liters. 

(3) determining the vital capacity the difference between the 
total lung volume and the residual air, determined the dilution 
method, and checking this determining the vital capacity with 
the spirometer. have done this all but two our subjects. 
The results are shown Table 

The values for the vital capacities determined expiration into 
the spirometer are, with few exceptions, from per cent greater 
than the values obtained the dilution method. The reason for 
this undoubtedly that have given our spirometer values the 
highest figures obtainable with the spirometer, whereas the dilution 
method figures are the average all determinations. The values 
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for the vital capacities determined inspiration from the spirom- 
eter are always slightly smaller than the values obtained expira- 
tion. This probably accounted for the greater power the 
expiratory muscles and the resistance the spirometer. Another 
reason may the difference temperature and moisture content 
the expiratory air. 

Inconstancy the Nitrogen Percentage the Lung Air.—Another 
possible error due the inconstancy the nitrogen the lung 
air and the impossibility determining relation the de- 
termination the lung volume. determined the nitrogen per- 
centage sample from the total amount expired air six nor- 
mal people. Six determinations were done each person, three 
the expired air after ordinary expiration and three after maxi- 
mum inspiration. The values fell between 78.7 and 79.5 per cent 
cases; cases the values fell outside these limits but within 
78.4 and 79.6 per cent. The variations the same person are usu- 
ally great from person person. have used 79.1 per cent 
all our calculations. curves Text-fig. show the limits 
the possible errors. constancy the figures Tables and 
shows that the actual errors due increased absorption oxygen 
blood plasma and tissues from the oxygen-rich mixture breathed 
during the seconds the experiment, the excretion 
nitrogen from blood, and the deviation the respiratory quotient 
from 1.0 are 


Standard Procedure for the Determination Lung Volumes. 


The determinations the lung volume Subject (Table IIT) were 
done way which considered the best and most reliable. 
given detail follows: 

(1) Determination Vital Capacity Means Expiration 
the Spirometer.— 


Expiration. Volume. Temperature. Pressure. 
liters mm. 
5.95 
5.95 


capacity 5.95 uncorrected. 
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(2) Determination Residual Air the Dilution Method.—The 
subject breathed through three-way stop-cock means which 
could connected with either the spirometer rubber bag 
containing liters oxygen. filled his lungs with room air and 
breathed repeatedly into and out the spirometer. When the 
volume expiration equalled the previously determined maximum 
vital capacity (5.95 liters), the stop-cock was turned such manner 
that the next inspiration was made from the bag. The oxygen drawn 
from the bag was seven times seconds. The ni- 
trogen content the mixed gases was 32.6 per cent, indicating resid- 
ual air volume 2.1 liters. 

(3) Total total capacity was then determined with 
the bag, which contained liters oxygen. The subject respired 
eight times. The nitrogen content the mixture was 63.4 per cent, 
indicating total capacity 8.05 liters. 


Vital capacity determined spirometer 5.95 liters. 
Vital capacity determined bag 8.05 2.1 5.95 liters. 


(4) Middle Capacity—While breathing quietly the subject was 
connected with spirometer containing about liters air with 
per cent oxygen. continued regular breathing from the spirom- 
eter, which registered follows: 


Readings the Spirometer Dial. 


After inspiration. After expiration. Mean. Vital capacity. 
liters liters liters liters 
3.2 3.9 3.55 
3.9 3.50 
3.85 3.50 


Reserve air 6.1 3.5 2.6 liters. 
Complementary air 3.5 0.4 3.1 liters. 


The value for the vital capacity obtained this experiment 6.1 
0.4 5.7, instead 5.95. The reason for this that the maxi- 
mum inspiration was made from the spirometer, condition which, 
mentioned before, regularly gives smaller vital capacity than that 
registered when the lungs are filled from the free air (Table III). 
For this reason increase the value the complementary part 
the total air 0.25 3.35 liters. 
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Immediately afterwards the chest measures the subject were 
taken. 


Lung Volumes Eighteen Normal Individuals. 


The results our experiments eighteen normal persons between 
and years age are tabulated Table and diagrams the 


TABLE III. 


Summary Lung Volume Determinations Normal Individuals. 


Bag. Spirometer. 
< ration. | ration. 
yrs.| liters liters liters liters liters liters liters liters 


same determinations are shown Text-fig. values for the 
different lung volumes these determinations agree with what 
other investigators have found. 

From his determinations eight normal men and four normal 
women, Bohr derived standard for the different lung volumes which 
usually accepted. 

have divided our results into two groups according the 
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TABLE Iv. 


Average Lung Volumes for Normal Men and Women Standing Position. 


Sex. Residual air. Reserve air. Mean. Total capacity. 
liters liters liters liters 
1.0 2.0 4.5 


sexes and believe that the figures given Table and Text-figs. 
and represent the approximate average somewhat more closely 
than the approximations used Bohr; namely, liter residual, 
liters reserve, and liters complementary air. 


Previous Investigations Find Relationship between the Vital Capacity 
and Other Body Figures. 


Pulmometry has never played important part clinical medi- 
cine, chiefly account the great variations the lung volumes 
different persons. For that reason have been unable tell 
whether the lung volume pathologic case normal not for 
the individual examined unless the deviation from the usual values 
great. The variations the values the lung different 
individuals have been recognized even the earliest investigators. 


Borelli (1679) was the first who tried determine the air the lungs. 
found that from 300 600 cc. are taken single inspiration. Jurin (1718) 
says about Borelli’s figures: this quantity different not only different 
persons, but even different times one and the same Hales (1728) 
determined the air the lungs liters. Goodwyn (1788) says after report- 
ing his own experiments: “These experiments are sufficient show that the lungs 
contain considerable quantity even after complete expiration, but this 
quantity must vary different subjects proportion the capacity the 
thorax. is, therefore, extremely difficult establish medium. However, 
shall for the present adopt the medium quantity these latter experiments 
and say that the lungs the human subject contain 109 cubic inches (1,800 
air after complete expiration.” 


took considerable time before the differences between vital capacity, 
residual air, and forth were recognized. 

Determined post mortem filling the pleural cavities with water, this way 
compressing the lungs (the diaphragm was fixed). 
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Davy (1800), who invented the dilution principle determination the resid- 
ual air, gives the figures for his own lungs: “So that making the corrections for 
temperature, would appear, that lungs state voluntary inspiration, 
contained about 254 cubic inches (4,160 cc.); state natural inspiration, 
about 135 (2,210 cc.); state natural expiration, 118 (1,190 cc.); and 
most probably below medium; chest narrow, measuring circumference 
but inches.” Hutchinson, the invention the spirometer, made the easily 
determinable vital capacity the central point the pulmometry until the time 
Bohr, half century later. Hutchinson realized that, should the vital capac- 
ity any importance clinical medicine, was necessary find some rela- 
tionship other body figures. For that purpose examined 1,012 normal men 
and women and found that there was certain relationship between the height 
and the vital capacity. worked out the figures means which should 
possible calculate the normal vital capacity from the height the person. 
showed that the weight, age, and sex might modify these figures slight 
extent. Between the vital capacity and the circumference the chest could 
not find any proportion all. Simon (1848) confirmed Hutchinson’s results 
far height was concerned, but found that only lean persons were used, there 
was some relation between the vital capacity and the circumference the chest. 
Fabius (1853) found rather close relation between the vital capacity and the 
volume the trunk, which calculated from the circumference the chest and 
the distance from the neck (eminentia occipitalis) the tip the coccygis. 
His first idea was compare the vital capacity with the “chest volume”; gave 
that because was unable obtain any figures for the chest volume. Ap- 
parently without knowing Fabius’ publication, Miiller (1868) and Schénfeld (1882) 
found the same thing. The idea Fabius (Miiller and did not attract 
much attention and was never used others clinical medicine. Hutchinson’s 
old idea calculating the vital capacity from the prevailed and was 
generally used, sometimes with slight modification the constant and some- 
times combination with correction for weight age (Schneevoogt, 1854). 

Wintrich (1854), Arnold (1855), von Ziemssen (1888), Cornet (1907), and 
Peabody (1917) have all adopted the principle laid down Hutchinson, even 
they have used somewhat different way. Von Ziemssen, for instance, used 
quotient men and 1:17 women) express the ratio between vital 
capacity and height. This quotient (Ziemssen’s quotient) has been used 
several papers, particularly papers dealing with the vital capacity 
people suffering from tuberculosis. Peabody divides his patients (heart pa- 
tients) into four groups, according the height. 

relationship between the residual air and other body factors has not been 
worked out. Only some rather rough estimates have been adopted (Schenck, 
1894). 

Bohr was the creator new era pulmometry. objected the use 
Hutchinson’s figures for estimating the normal vital capacity from the height 
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because the individual variations are too great. furthermore objected 
exclusive use the vital capacity, because does not take the total residual 
air into consideration. and his pupils (Hasselbalch, Rubow, Siebeck, and 
Bie and Maar) several publications investigated the relation between the total 
lung volume, the middle capacity, and the residual air under normal and patho- 
logic conditions, and put less stress the absolute figures than their rela- 
tionships. The problems raised these investigators have attracted attention 
for good many years. 


Determination the “Chest Volume” and Calculations Ratio be- 
tween Chest Volume and Lung Volume Different Positions the 
Chest (Full Inspiration, Rest, and Full Expiration). 


The problem finding accurate relationship between the lung 
volume and chest body size remained unsolved. seemed us, 
however, that might possible approach the solution using 
the chest volume the constant and the lung volume the variable. 
The reason for this seems obvious when consider the chest wall 
sort spirometer. When person respiring from spirometer, 
natural thing look upon the chest wall another spirometer 
connected with the first one and moving inversely the latter. And 
take different individuals natural regard their chests 
spirometers containing different amounts air. 

The x-ray pictures (Figs. and illustrate fairly well what 
mean. Fig. (No. Table from the same person with 
the chest full inspiration and expiration. Fig. from two 
different persons (Nos. and 11) and shows the possibilities indi- 
vidual variation. Our problem was find measurements which 
could used calculating the chest volume, which alone seemed 
logical basis for calculation lung capacity. The old idea using 
the chest circumference must given because the muscles, fat, 
and breasts give room for considerable error. seems obvious that 
the best way consider the chest geometrical figure and take 
three dimensions, the product which will represent volume pro- 
portional the chest volume. have then measure the height, 
depth, and breadth the chest and such way that (1) 
the fat and muscles play small part possible, (2) the different 
diameters represent parts the chest wall which move fair ac- 
cordance the respiration. 
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After some consideration and experiments came the following 
procedure which has been used all our cases. The height the 
chest taken the length the sternum from incisio intraclavicu- 
laris point just below articulatio sterno-xiphoidea. The depth 
then taken the horizontal distance from the middle the sternum 
the insertion the third rib the spinal column, and the breadth 
the distance across the sixth ribs the midaxillary line. The 
points between which the measures are taken are almost without any 
muscular covering. The transverse points are the axilla between 


Points the thorax where the chest measurements are taken. 
the height the chest, the breadth, and the depth. 


musculus pectoralis major and musculus latissimus dorsi. The 
distances representing the depth and breadth vary with the phases 
inspiration; the height constant (Text-fig. 5). 

The measuring requires some practice and good deal care. 
the following way: The person stands natural position. 
The points are found and marked. point the upper part 
the sternum rather easy find; just above the edge the 
bone. The lower point sometimes very difficult locate. 
follows: The curvature found and lines are drawn indicate 
it. Then try find the joint between the sternum and processus 
xiphoideus. usually slightly prominent. The point from which 
measure just below that prominent ridge. Locating the tip 
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the processus xiphoideus sometimes helps, but cannot always 
done. The lateral points are easy find counting the ribs. 
taking the measure necessary put the nodes the pelvimeter 
tight the chest wall order get close the bone possible. 
particularly necessary take care that the ends the pelvim- 
eter not slip and into the intercostal spaces. The first meas- 
ures are taken rest (half-way between normal expiration and in- 
spiration, position middle capacity). The pelvimeter kept and 
the person requested take maximum inspiration and stop 
second while the measures are taken. Then asked expire 
the residual air and stop for another measurement. The product 
the figures obtained does not, course, represent the real chest vol- 
ume, but volume approximately proportional it. 

Table are given the data different normal individuals. The 
product the measurements the three dimensions given the 
chest volume and the ratio between the chest volume and lung 
volume calculated 


100 lung volume 
chest volume 


The average ratio for the total lung capacity 55, for the middle 
capacity 37, and for the residual air 19. 

The curves Text-fig. show the different chest volumes multi- 
plied these factors (reduced chest volume). will seen that 
there close agreement between the reduced chest volumes and 
the actual lung capacities. have plotted the height the upper 
part the chart show that the relations between the different 
lung volumes and the height are much more variable than the rela- 
tions between the lung and chest volumes. relationship between 
height and vital capacity (Hutchinson) equally variable. The 
vital capacity, the other hand, bears nearly constant ratio 
the reduced chest volume the total middle capacities. 
The average ratio between the vital capacity and the middle chest 
volume (Table VI). 
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Chest Volu: 


Lung Volume 


Men 


Women 


Right 
Left 
Chart showing air contents lungs (lung volumes) normal subjects determined 


tions the dilution method (solid lines) and calculated from the thoracic measurements (broken lines). 
subjects are designated Text-fig. numbers below indicate the maximum excursion the right and 


order according chest volumes measured maximum inspiration. The numbers above the chart are 
timeters, calculated from fluoroscopic tracings. 


ontents lungs (lung volumes) normal 
es) and calculated from the thoracic 
easured maximum inspiration. The numbers 
The numbers below indicate the maximum 
tracings. 


Maximum 
Expiration 


Maximum move~ 
centimeters 


determined the three respiratory posi- 
nents (broken lines). The subjects are arranged 
the chart are those which the same 
the right and left diaphragm 
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TABLE 


Summary Thorax Measurements the Three Positions Respiration, Namely, 
Expiration, Rest, and Inspiration, and Ratios Chest Volumes Calculated 
from These Measurements Lung Volumes. 


No. of 
individ- 
ual. 


Diameter. 


| Ratio 


cm. cm. cm. liters liters 
Expiration. 22.0 21.0 29.5 2.48 18.2 
Rest. 22.0 22.0 31.0 4.88 32.0 
Expiration. 21.0 17.5 29.0 2.10 19.7 
Rest. 21.0 19.5 30.5 4.70 37. 
Inspiration. 21.0 21.0 32.0 8.05 57.2 
Expiration. 20.5 17.0 29.5 1.86 18.1 
Dr. Do. Rest. 20.5 18.5 30.0 11.36) 4.63 
Inspiration. 20.5 20.0 32.0 7.20 54.8 
Expiration. 19.5 18.5 9.38) 1.87 19.9 
Dr. Rest. 19.5 19.0 28.9 10.38) 3.89 
Inspiration. 19.5 20.0 30.0 11.70) 6.51 55.6 
Expiration. 18.0 18.5 27.5 1.47 16.1 
Rest. 18.0 19.5 28.5 3.45 34.5 
Inspiration. 18.0 20.0 30.5 6.24 56.7 
Inspiration. 20.5 21.5 26.5 6.13 53.6 
Expiration, 19.5 17.5 27.5 1.46 15.6 
Dr. Mo. Rest. 19.0 16.0 2.60 37.4 
Inspiration. 19.0 18.0 24.5 8.38) 4.56 54.6 
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TABLE V—Concluded. 


‘osition er- es ung 

ual. chest volume 


Expiration. 18.3 14.8 6.85] 1.42 20.7 
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Excursions the Diaphragm. 


Realizing that the measurement the chest wall does not give 
the variations the height the thoracic cavity, have 
particular study the movement the diaphragm means 
The figures are givenin Table will seen that there one man 


TABLE VI. 


Maximum Excursions the Right and Left Diaphragm. 


Greatest possible 


movement dia- 
phragm. 100 residual air 100 vital capacity 
vat j Right chest volume at expiration chest volume at rest 

left. 

Men. 
cm. 

Women. 

|Mrs. 5.0 6.5 11.5 49.4 

|Miss 5.5 4.5 10.0 19.9 50.1 

|Mrs. 4.5 5.5 10.0 18.2 48.1 


used fluoroscopy. Being unable use parallel light worked out 
correction for the parallax measuring the distance from the light the screen 
(50 cm.) and the distance from the light the middle part the diaphragm (35 
cm.). The correction very close 0.7 all instances; for that reason all our 
directly found values have been multiplied that factor. 
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with very small movement his diaphragm. His residual air un- 
usually great (Text-figs. apparently expired naturally 
far the thoracic movement was concerned, but was unable press 
his diaphragm the end the expiration. was physically 
untrained man, with rather undeveloped abdominal musculature. 
too small movement the diaphragm might, course, indicate that 
was unable lower during inspiration. The normal figures for 
his total capacity and the abnormally high figure for his residual air 
prove that this was not the case. One the women (No. 14, Table 
and Text-fig. had particularly small residual ratio, 
will seen that the movement her diaphragm very extensive. 
She had been trained college breathe very deeply and had pow- 
erful abdominal muscles. She wore, like all the other women, 
rather loose corset during the determination. The importance the 
movements the diaphragm will discussed more later paper. 


SUMMARY. 


The total capacity, middle capacity, and residual air have been 
determined normal men and normal women. All the deter- 
minations have been done subjects standing position 
least hours after meal. 

The figures for the total and middle capacities agree with those 
previous investigators, particularly with Bohr’s. The values for 
the residual air seem little higher than those previously pub- 
lished. 

procedure has been devised means which has been 
possible find numerical relationship between external chest 
measurements and lung capacity. 

With the aid the relationship thus ascertained the lung capac- 
ity normal for chest given measurements can estimated. 

The excursions the diaphragm have been studied. 
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EXPLANATION PLATES. 


Fic. Two x-ray pictures from normal man, No. taken after maximum 
expiration and maximum inspiration The outline superimposed 


PLATE 


Fic. Two x-ray pictures from No. (a) and No. They are both 
taken maximum inspiratory position. superimposed 
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STUDIES LUNG VOLUME. 
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GARVIN, M.D., CHRISTEN LUNDSGAARD, DONALD VAN 
SLYKE, 


(From the New York State Sanatorium for Tuberculosis, Ray Brook, and the Hospital 
The Rockefeller Institute for Medical Research, New York.) 


(Received for publication, September 15, 1917.) 


Hutchinson,! who invented the spirometer (1846), determined the vital capac- 
ity twenty-two cases early and nine cases advanced pulmonary tubercu- 
losis, and found that the vital capacity was subnormal the former group 
cent. calculated the normal figures from the height the patient.? Since 
then numerous investigators, for example, Simon (1848), Wintrich (1854), 
Schneevoogt Arnold (1855), Faivre (1864), (1882), and Hecht 
(1885), have confirmed this observation, and since von Ziemssen (1888) introduced 
his for the relation between height and vital capacity, spirometry has 
become practically matter routine many clinics. 

Despite the mass data gathered, few attempts have been made show which 
the factors affecting the vital capacity are responsible for its decrease 
tuberculosis. 

Charlier studied the residual air group patients with pulmonary tuber- 
culosis and found decreased. Siebeck examined the different lung volumes 
(total capacity, middle capacity, and residual air) five patients and found the 
total capacity diminished, the middle capacity about normal, the residual air 
increased, and the vital capacity considerably diminished. However, the 
culty establishing normal figures for given pathologic made the de- 


The mere title Hutchinson’s article shows how important considered the 
determination the vital capacity patients. The title is, “On the capacity 
the lungs, and the respiratory functions, with view establishing pre- 
cise and easy method detecting disease the 

For detailed discussion see Lundsgaard and Van Slyke. 

Schneevoogt says: Tuberculosis the lungs particularly will become appar- 
ent this way before can diagnosed any other means. 

quotient 1:20 men and 1:17 women. That means that 
cm. height corresponds vital capacity (17) cc. 

Siebeck says (p. 208): Not knowing the normal total capacity for patient 

difficult state anything about deviation from the normal. 


termination absolute figures rather problematic. other words, not 
know whether the decrease the easily determinable vital capacity 
incomplete expiration (increased residual air) lessened inspiration (decreased 


total capacity). the purpose the present paper partially fill this lack 
our present knowledge. 


previous paper two (Lundsgaard and Van Slyke) have 
established evidence close relation between the dimensions the 
chest and the capacity the lungs the three main positions,— 
maximum inspiration giving the lung volume, rest half-way 
between normal inspiration and expiration giving the middle ca- 
pacity the lungs, and maximum expiration leaving the 
air within the lungs. The ratios between the volumes” 
and the lung volumes were worked out and found for the 
total capacity, for the middle capacity, and for the residual 
air. The individual variations were within per cent these 
averages. Therefore, the chest volume multiplied the factor 
thus determined gives the lung volume normal for person 
ascertained chest measurements. 

The technique determining the lung volumes and measuring 
the chest fully described Paper the basis our results 
there reported have made investigation the lung volumes 
adult patients suffering from pulmonary tuberculosis. This paper 
report our findings men. Our results women are 
reported Paper technique has been exactly pre- 
viously described. All the determinations were done with the 
patients standing position. (1) The residual air was 
the dilution method. rule, two determinations were done, 
and some instances several. The lowest value (2) The 
vital capacity was then determined expiration into calibrated, 
easily movable Krogh spirometer. The expirations were continued 
until constancy was obtained. (3) The middle capacity was de- 
termined normal breathing from the spirometer, which contained 
about per cent oxygen, and the movements the spirometer 
were recorded. When sufficient constancy appeared, the patient 
was asked inspire and expire much possible, the vital capacity 
being controlled this way. (4) any doubt existed about the 
reliability the experiments, control was obtained measuring 
the total capacity the dilution method. 
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Having determined the lung volume, the chest measurements were 
taken the three main positions, previously described (Lunds- 
gaard and Van Slyke). the measurements were checked 
two us. Determinations the movements the diaphragm 
maximum respiration means x-ray (fluoroscopy) were 
then performed. The values were corrected (multiplied 0.7) 
for parallax. 

The other part the investigation, the clinical examination the 
patient, was completed within few days after the lung and chest 
measurements. consisted (1) stethoscopic examination, (2) 
two x-ray plates, one taken from the front and one from the back, 
(3) determination the influence certain amount exercise 
the pulse rate and respiration (Table I). The results are given 
chart for each case (Text-figs. The different chest meas- 
urements are reported, because the relation between them gives 
some information about the form chest each particular case. 
The product these measures called chest volume, for the sake 
convenience, although, course, only approximately pro- 
portional and not equal the real chest volume. The lung 
capacities the three main positions are given, and the ratios between 
the chest and lung volumes calculated. Besides this the ratio between 
the vital capacity and the middle chest volume calculated, the 
normal ratio being Two columns represent diagrammatic 
form the calculated lung volume® and that actually found. The 
lowest (cross-hatched) part indicates the residual air, the rest the 
vital capacity which divided line indicating the upper limit 
the middle capacity. The movements the diaphragm are given 
centimeters, and two lines indicate approximately the position 
the midriff maximum expiration and maximum inspiration. The 
stethoscopic and roentgenological findings are shown four diagrams 
the chest wall. The following symbols are used: 

Physical Signs.— 

Light lines, slight dullness. 
Heavy lines, moderate dullness. 
Cross-hatching, marked dullness. 


The calculated lung volume means simply the chest volume multiplied 
the (average) ratio for normal subjects which was established Paper 
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Fine dots, fine 

Larger dots, moderate and coarse rales. 

Small rings, large crackling 

Crosses, pleuritic rubs. 

Circles, antrum formation. 
There difference the interpretation horizontal and vertical lines. 
X-Ray Signs.— 

Lightly shaded lines, slight density shadow. 

Heavy lines, marked density. 

Circles, cavity. 

Dots, stippling, the larger the dots, the coarser the stippling. 
There difference the interpretation horizontal and vertical lines. 


short description each case also given. The observations 
the pulse and respiration before and after exercise are not given 
the individual charts but are collected Table order 
compare the findings from the different patients, the results are 
presented together Text-figs. 32, 33, and 34, the same way 
the normal individuals were shown previous 

will unnecessary discuss each patient. have therefore 
divided the patients into three groups according the severity the 
objective the incipient, the moderately advanced, and 
the advanced cases. 


Patients with Incipient Tuberculosis. 


Group (Text-fig. 32) indicates nine patients (Nos. The 
results this group deviate appreciably but not greatly from the 
normal. The most conspicuous difference from the normal individuals 
that the vital moderately diminished all but one 
case (No. entirely due increase the residual 
air. All the figures for the total capacity are within the normal 
limits; four below and five above the normal average. The residual 
air, the other hand, above the normal average all but one 


have followed the classification The American Climatological Associa- 
tion which based principally Trudeau’s scheme (cited Rathbun, L., 
Am. Rev. Tuberc., 1917, 13). 


the ratio for the vital capacity the individual charts (Text-figs. 
31). 
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patient (No. The middle capacity, which was determined all 
but one patient, not far from the normal limits. The results 
this group (1) serve confirm 
that the vital capacity was diminished even early tuberculosis, 
and (2) they show that this decrease incipient tuberculosis not 
due diminished total lung volume, previously supposed, but 
increased residual air. The increased residual air the result 
inability expire deeply normally. This inability 
expire apparent the decreased movement the diaphragm and 
the decreased difference between the chest volume after total expira- 
tion and the middle position. Whether mechanically caused, 
stiffness the lungs, due reflex preventing compression, 
cannot tell. 


Patients with Moderately Advanced and Advanced Tuberculosis. 


Group includes thirteen moderately advanced cases (Text-fig. 33, 
Nos. 22) and Group III nine advanced cases (Text-fig. 34, 
Nos. The two groups can discussed together because 
the differences are not great. The picture here differs materially 
from that found normal individuals and the incipient cases. 
The vital capacity diminished all the patients, most 
them very considerably (see the value the vital ratio Text-figs. 
31; the normal 42). The reason for this decrease is, how- 
ever, principally decrease the total capacity, which only 
within normal limits five patients Group (Nos. 11, 12, 14, 
16, and 19) and two patients Group (Nos. and 28). The 
residual air is, the patients, fairly normal. in- 
crease the residual air found only Nos. 11, 12, 18, and 
Group II, and Nos. 26, 27, 28, and Group III. But, asa 
whole, can said that the vital capacity the cases these two 
groups considerably diminished, due principally diminished 
total capacity. The cause the diminished total capacity not 
principally due impossibility extend the thorax, will seen 
from the figures for the chest volumes. comparison the figures 
for the chest volumes the three positions the individual sub- 


Later investigators, mentioned, have reported the same observations. 


jects shows this. The essential reason simply that the lungs 
not have much air space normal individuals. direct 
expression one phase the pathologic anatomic process, the 
proliferation. Actual cavities may presumably increase the air 


TABLE 


The Influence Change Position and Exercise Pulse and Respiration. 


Resting |Standing 


up. After having run three flights stairs. 
Group 
Group 


Group 


Verified three times. 
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capacity the lungs, but none our data bears evidence this 
increase. Probably the effect cavity formation overcome 
that the proliferation. The difference the residual air incipient 
and advanced cases peculiar; shall not discuss it. Previous 
investigators found, also have found, decrease the vital 
capacity corresponding increase the clinical symptoms 
(already shown Hutchinson nine patients 1846). 

attempted discover which the clinical signs would cor- 
respond most closely our findings, but have given How- 
ever, seems that the stethoscopic findings, particularly the extent 
the have closer relation than the x-ray shadows the 
decrease total and vital capacities. More light this problem 
highly desirable. believe that the best way add present 
knowledge will follow single patients over considerable periods 
time, comparing the clinical findings with the pulmometry. 
Table have given the results our determinations the pulse 
rate and respiration before and after exercise. think that 


conclusions can drawn from them present. worth mention- 


ing that exercise influences the rate respiration only small 
extent, whereas the pulse rate seems abnormally increased. 
The determinations the movements the diaphragm show 
smaller excursion than found normal The significance 
this, far the lung volumes are concerned, has already been 
mentioned. What relation has the pathologic process the 
lungs not yet clear. 


SUMMARY. 


The total capacity, middle capacity, and residual air have been 
determined adult male patients suffering from tuberculosis 
the lungs. 

The chest volumes have been determined each case and the 
normal lung volumes calculated means the ratios worked out 
previous paper. 

patients with incipient tuberculosis, the total lung volume 
was found within normal limits, whereas the vital capacity was 
diminished result increased residual air. 

The increase the residual air was due less complete expira- 
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tion, caused partly diminished movement the diaphragm, 
partly diminished compression the chest wall. The diminished 
movement the diaphragm was, rule, most marked the most 
affected side. Whether these decreased movements are due 
reflex the lung tissue could not determine. 

The middle capacity was found practically normal. 

twenty-two cases moderately advanced and advanced 
tuberculosis, the total lung volume was most cases markedly 
decreased. 

The vital capacity was substantially decreased, principally 
result the diminished total capacity. The residual air was, 
normal, although few cases increase residual air 
also contributed the decrease the vital capacity. 

The middle capacity, which not want put too much 
stress, was normal some patients and considerably diminished 


others. 
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No.1 CASE 


LITERS 


OBSERVED 
LUNG CAPACITY 
MAXIMUM 
EXCURSION (FLUOROSCOPE) 


No. (Case elevator operator; age years. inactive. 

began about years ago. with expectoration, night sweats, and pain left 
chest. Moderate weight; moderate dyspnea. ago slight cough, moder- 
ate expectoration, slight dyspnea, and pain left base. His general and his lung con- 
ditions have improved satisfactorily under sanatorium treatment. 


Height Theoretical normal 62.0 


Treatment duration months. 


Physical Moderate dullness right apex. great change 
breath sounds. Few coarse cough above right clavicle, posteriorly few 
clicks above spine scapula. Fine cough left apex above clavicle and the 
first interspace. Posteriorly few fine rales cough above the spine the scapula. 

X-Ray apex and first interspace moderately infiltrated. 
Slight infiltration apex and first interspace left side. Mediastinal contents centrally 
placed. 
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No. (Case 3606).—Male, butcher; age years. Incipient; inactive. Sputum 

Onset months ago with cough. Gastric disturbances; loss weight; 
marked loss strength. Slight hemoptysis years ago. Under sanatorium treat- 
ment his cough has entirely disappeared; expectoration has lessened; general physical 
condition improved; lung signs improved. 


Height ‘Theoretical normal 68.0 


Treatment duration months. 


Physical Slight dullness percussion right apex. Breath 
sounds right apex slightly harsh. rales. change percussion left lung. 
Breath sounds slightly weak apex. Fine cough apex second rib ante- 
riorly and the third dorsal spine posteriorly. 

X-Ray 1917. Right apex slightly stippled and infiltrated. Left 
apex densely infiltrated. Chest below inner end clavicle has circular cavity 
diameter. Mediastinal contents normal. 
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No. (Case 4362).—Male, chauffeur; age years. Incipient; inactive. Sputum 
admission. 

Onset months ago. Malaise and tendency tire easily; later few night sweats; 
loss kg. weight. Doing well under sanatorium treatment, with marked 
symptoms. 


Treatment duration month. 


Physical 1917. Slight dullness right apex. great change 
breath sounds. rales heard. 

X-Ray apex slight haze. Rest lung normal. Left 
apex very slight haze. Rest lung infiltration both apices 
more dense than anteriorly. Mediastinal contents normal. 
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No. (Case 4280).—Male, furrier; age years. Incipient; inactive. Sputum 
—,onadmission, course treatment, and present. 

began months ago with pleurisy right base, chills, and night sweats. 
Cessation symptoms after weeks until months ago, then return night sweats, 
with considerable pain chest. Under sanatorium treatment his general condition has 
remained continuously good and has had practically symptoms. 


Treatment duration months. 


Physical Moderate dullness right apex second rib. 
marked change breath sounds. Medium moist rales cough right apex from 
clavicle third rib anteriorly, and from the apex inch above the angle the scap- 
ula posteriorly. few medium cough below the right nipple. 

X-Ray apex and first and second interspaces moderately 
densely infiltrated. the fourth interspace small spot stippling cm. diameter. 
cavity posteriorly the third interspace cm. diameter.- Left apex slightly stip- 
pled. contents normal. 
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No. (Case 4197).—Male, glove cutter; age years. Incipient; inactive. Sputum 


Present illness began months ago with moderate hemoptysis. Later moderate 
cough with profuse expectoration. Occasional night sweats. has been good 
general condition during his stay the sanatorium; still has slight cough and slight. 


expectoration. His lung condition seems unchanged. 


kg. 
Height 175cm. Theoretical normal 67.5 
Date highest weight months 72.5 


Treatment duration months. 


Physical 1917. Slight dullness right apex second rib anteriorly 


and third spine posteriorly. Breath sounds slightly harsh the same area. 


Fine 


cough from the apex the third rib anteriorly and the third spine posteriorly. 
X-Ray Right apex and first and second interspaces 


ately densely infiltrated. Mediastinal contents normal. 


EXCURSION (FLUOROSCOPE) 


REST 
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CALCULATED OBSERVE 
LUNG CAPACITY 


MAXIMUM DIAPHRAGM 
EXCURSION (FLUOROSCOPE) 


No. (Case machinist; age years. Incipient; inactive. Sputum 

Present illness began months ago with malaise, slight morning cough, and expec- 
toration; frequent night sweats. Pain upper part right lung. Streaked sputum 
occasionally for the first months. His general condition has been good under sana- 
torium treatment; still has slight cough with moderate expectoration, occasionally blood- 
streaked. His lung signs have slightly increased. 


Treatment duration months. 


Physical 1917. Slight dullness right apex second rib anteriorly 
and the second spine posteriorly. Breath sounds slightly harsh this area. Medium 
moist rales cough left apex the second rib anteriorly and the third dorsal spine 

Right apex and first interspace slightly infiltrated. 
apex and first and second interspaces slightly stippled and infiltrated. 
contents normal. 
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No. (Case 4326).—Male, butcher; age years. Incipient; inactive. Sputum 

Onset months ago with malaise and tendency tire readily. months ago fever, 
chills, slight dyspnea, slight cough, and expectoration. His general condition has been 
greatly improved since admission the hospital and his lung condition markedly bettered. 


Height 173 cm. Theoretical normal 


Treatment duration months. 


Physical 1917. Slight dullness right apex, especially inner end 
first interspace. Breath sounds slightly increased left apex, both anteriorly and 
posteriorly. Very few fine cough right apex above the clavicle. 

X-Ray Right apex moderately densely spotted and striated. 
Left apex moderately densely spotted and striated. Mediastinal contents normal. 
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102 STUDIES LUNG VOLUME. 
CASE 

DIMENSIONS 

STERNUM cm. ers ers 


RATIO 


No. (Case machinist; age years. Incipient; inactive. Sputum 
Onset years, months ago with cough and night sweats. Loss 4.5 kg. weight. 
Frequent small hemoptyses. slight. Under sanatorium treatment 
has remained very good general condition with good improvement lung condition. 


Height normal 77.0 


Treatment duration months. 


Physical resonance right apex slightly impaired. 
Breath sounds slightly increased right apex. heard, before after cough. 
The patient had small hemorrhage cc. hours after the measurements were taken, 
caused slipping ice. 


X-Ray apex quite densely spotted and striated. Mediastinal contents 
normal. 
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No. (Case carpenter; age years. Incipient; active. Sputum 

months ago with cough. Expectoration slight first, later moderate. Head- 
aches; slight dyspnea. Loss weight. His lung condition has improved under 
sanatorium treatment and his general physical condition has been excellent. 


kg. 


Treatment duration months. 


Physical great percussion changes. marked changes 
respiratory sounds. Few fine rales cough the inner end the first interspace 
the left side. 

X-Ray Right apex and first interspace densely infiltrated. 
Left apex and first interspace slightly infiltrated. Mediastinal contents normal. 
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10. 


No. (Case 4028).—Male, student; age years. Moderately advanced; active. 

Onset months ago with cold. Cough severe; expectoration slight. Moderate 
dyspnea. Occasional chills. weeks after onset profuse hemoptysis. Loss kg. 
weight. His symptoms remain about the same under sanatorium treatment. Physi- 
cal signs have increased. General condition remains fair. 


Treatment duration months. 


Physical dullness right apex second rib anterior- 
and third spine posteriorly. Slight dullness left apex second rib anteriorly and 
third spine posteriorly. Breath sounds moderately harsh right upper thorax. Breath 
sounds feeble left upper thorax. Rales cough, fine and medium, right apex 
fourth spine posteriorly. Medium cough left apex third rib anteriorly and 
fourth spine posteriorly. 

X-Ray Right apex and first, second, and third interspaces 
moderately stippled. Left apex and first, second, and third interspaces moderately 
stippled. Mediastinal contents 
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11. 


No. (Case 4148).—Male, freight house clerk; age years. Moderately advanced; 
inactive. Sputum admission, course treatment, and present. 

Onset months ago with hemoptysis. Cough moderate; expectoration slight. Few 
night sweats. Loss 4.5 kg. weight. During his sanatorium stay has remained 
good general condition. Lung condition slightly improved. 


Height Theoretical normal 69.0 


Treatment duration months. 


Physical 1917. Slight dullness right base posteriorly. 
change breath sounds. Fine moist cough left apex above the clavicle. 
Fine moist cough the left anterior third and fourth interspaces the region 
the nipple. Fine moist cough posteriorly the right side from the spine 
the scapula above the base 

X-Ray Signs—April 1917. Right, fine stipplings from the apex the fourth 
interspace. Left, moderate stippling from the apex the second interspace. Medias- 
tinal contents slightly the right. 
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12. 


No. (Case 3990).—Male, machinist; age years. Moderately advanced; inactive. 

Onset months ago with hemoptysis. Loss weight. chest slight. 
Slight dyspnea. Slight expectoration. During his hospital stay has remained 
fair general condition with moderate improvement lung condition. 


Height Theoretical normal 65.5 


Treatment duration months. 


second rib. Increased breath sounds upper part right lung anteriorly the second 
rib and posteriorly the spine the scapula. Medium moist cough the 
right apex, above the clavicle anteriorly, and the spine the scapula posteriorly. 

X-Ray Right apex and first and second interspaces quite 

densely spotted and striated. The third and fourth interspaces show very fine spottings. 
Left apex slightly spotted; rest lung normal. Mediastinal contents normal. 
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13. 


No. (Case music teacher; age years. Moderately advanced; 
active. Sputum admission, course treatment, and present. 

Onset months ago with heavy cold. Cough moderate; expectoration profuse 
after weeks. Dyspnea moderate. Loss 2.7 kg. weight. months after onset 
profuse hemoptysis. Pain left side. Under treatment the hospital has improved 
general condition; cough and expectoration moderate. The physical signs remain 
about the same. 


Height 170 cm. Theoretical normal 70.0 


Treatment duration months. 


Physical Moderate dullness percussion over the left apex 
and from the apex the third rib anteriorly and the fourth spine posteriorly. Breath 
sounds moderately harsh this area. coughing, fine and medium, from apex 
the second rib anteriorly and the fifth spine posteriorly. 

X-Ray 1917. Right lung, second interspace slightly stippled. Left 
upper lobe moderately densely spotted and stippled. Mediastinal contents slightly 
the left above. 
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14. 


No. (Case 4090).—Male, lithographer; age years. Moderately advanced; 
inactive. Sputum admission, course treatment, and present. 

Present illness began months ago with neurasthenic symptoms, insomnia, etc. 
months later slight cough with scanty expectoration; other symptoms. Under 
sanatorium treatment his cough has lessened. Has complained insomnia. General 
physical condition has bettered. His lung signs have improved slightly. 


kg. 


Treatment duration months. 


Physical dullness right apex second rib ante- 
riorly and third spine posteriorly. Moderately harsh breathing this area. Breath 
sounds slightly feeble left apex. right apex second rib anteriorly and 
third spine posteriorly. Fine cough left apex second rib anteriorly 
and second spine posteriorly. 

X-Ray Right apex and first interspace moderately densely 
infiltrated. Left apex and first interspace similarly infiltrated. Mediastinal contents 
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No. (Case clothing cutter; age years. Moderately advanced; 
inactive. Sputum admission, course treatment, and present. 

Onset years ago with cold. Persistent cough. Hemoptysis slight months after 
onset. years ago series severe hemoptyses. Artificial pneumothorax. Has felt 
well and near his normal weight since recovery after hemoptyses. Under sanatorium 
treatment his symptoms have remained slight; very little cough, slight expectoration. 
His physical condition has been excellent. 


Treatment duration months. 


Physical Moderate dullness percussion right apex the 
third rib anteriorly and the fourth spine posteriorly. Breath sounds moderately 
harsh. cough, fine and medium, apex the fourth rib anteriorly and the 
sixth spine posteriorly. Breath sounds slightly feeble left apex. Medium moist 
rales cough apex second rib anteriorly and the second spine posteriorly. 

X-Ray Right apex and first interspace densely infiltrated. 
Left apex slightly infiltrated. Mediastinal contents normal. 


109 


No.15 
PHYSICAL SIGNS 
XRAY SIGNS 


No.16 CASE 3918) 


POSITION CHEST DIMENSIONS RATIO RATIO 

STERNUM cm. cm. ers ilers 

1075 


PHYSICAL SIGNS 


CALCULATED OBSERVED 
LUNG CAPACITY 


MAXIMUM DIAPHRAGM 
EXCURSION (FLUOROSCOPE) 


16. 


No. (Case 3918).—Male, factory inspector; age years. Moderately advanced; 
inactive. Sputum admission, course treatment, and present. 

Onset months ago with malaise, loss strength; months later fever and cough. 
Sputum occasionally blood-streaked. Loss weight. Occasional night sweats. 
Dyspnea slight. Under sanatorium treatment has remained fair general condition. 
Complications larynx and rectal fistula have arisen. Slight hemoptysis frequent. 
Symptoms and lung condition remain the same. 


Treatment duration months. 


Physical 1917. Slightly dull percussion note right apex second 
rib anteriorly and third posteriorly. Breath sounds moderately harsh the 
same area. Fine and medium cough right apex the third rib anteriorly 
and the fourth spine posteriorly. 

X-Ray Right upper lobe moderately densely infiltrated the 
third rib. Mediastinal contents normal. 
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17. 


No. (Case 4363).—Male, sign writer; age years. Moderately advanced; active. 


admission. 


Present illness began months ago with malaise and tendency tire easily. Gastric 
symptoms. Lossof weight. Later moderate cough with scanty expectoration. 
His physical condition remains good under sanatorium treatment; symptoms about the 
same. condition about the same. 


Height Theoretical normal 70.0 


Treatment duration month. 


Physical marked percussion changes. Increased breath 
sounds right apex posteriorly. Fine cough posteriorly from spine angle 
scapula. Medium and coarse cough, left lung anteriorly and posteriorly 
from apex base. 

X-Ray 1917. Right apex and first and second interspaces slightly in- 
filtrated. Rest lung normal. Entire left lung slightly infiltrated, with fine spotting. 
Mediastinal contents completely the left. Right lung area large. 
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18. 


No. (Case 3997).—Male, machinist; age years. Moderately advanced; inactive. 

Onset months ago with moderate hemoptysis; later slight cough, occasional night 
sweat, and loss 2kg.in weight. Has felt well during his entire stay the hospital. 


Date highest weight months ago............ 79.0 


Treatment duration months. 


Physical 1917. Moderate dullness right apex, anteriorly the 
second rib, posteriorly the spine the scapula. Breath sounds slightly increased 
the left base. Fine moist rales cough left base, anteriorly below the fourth rib, 
posteriorly below point midway between the spine and the angle the 
tion rubs right base anteriorly. 

X-Ray Right apex and first and second interspaces slightly stip- 
pled and striated. Left, fifth moderately spotted and striated. Mediastinal 
contents normal. 
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19. 


No. (Case 4268).—Male, teamster; age years. Moderately advanced; inactive. 

Present illness began months ago after attack supposed influenza. Malaise; 
weakness; loss 6.8 kg. weight; months after onset afternoon fever; occasional chills. 
Shortly after began cough; expectoration profuse. Slight pain left base. Under 
sanatorium treatment his symptoms have largely disappeared, his general condition 
excellent, and the lung condition apparently greatly improved. 


hg. 
Height Theoretical normal 78.0 


Treatment duration months. 


Physical 1917. Slight dullness percussion right apex the 
second rib anteriorly and the third dorsal spine posteriorly. Breath sounds slightly 
harsh. Fine cough apex second rib anteriorly and third spine posteriorly. 

X-Ray 7,1917. Right apex and first and second interspaces densely in- 
filtrated. The lower edge the infiltration sharply limited from healthy lung below. 
Left apex infiltrated. Mediastinal contents normal. 
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20. 


No. (Case 4006).—Male, conductor elevated railroad; age years. Moder- 
ately advanced; inactive. Sputum admission, course treatment, and 
present. 

Present illness began months ago with bronchitis. Severe cough for months. 
Fever; night sweats; loss 5.4 kg. weight. Moderate weakness. Hemoptysis 
moderate amount months after onset. Pain left base. Under sanatorium treatment 
his symptoms remain about the same except improvement strength. fever since 
onset. His general physical condition remains excellent. 


Treatment duration months. 


Physical change percussion over right lung. Breath 
sounds slightly harsh right apex. Moderate dullness left apex third rib anteriorly 
and fourth spine posteriorly. Breath sounds feeble the Fine and 
medium cough left apex fourth rib anteriorly and fifth spine posteriorly. 

X-Ray 1917. Right apex and first three interspaces moderately 
densely striated and spotted. Left apex slight spotting. Mediastinal contents normal. 
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21. 
No. (Case 4076).—Male, farmhand; age years. Moderately advanced; inactive. 


Onset months ago with fever; loss 24.5 kg. weight the months. 
night sweats; cough and expectoration slight. Slight hemoptysis. General condition 
during his hospital stay has been excellent; lung condition improved. 


Treatment duration months. 


Physical dullness right lung anteriorly the fourth 
rib, posteriorly moderate dullness from apex spine the scapula. Slight dullness 
the left base below angle scapula. great change breathsounds. Medium moist 
cough right apex the third rib. Scattered fine moist cough right 
apex posteriorly midway between the spine and angle the scapula. 

X-Ray Right apex and first and second interspaces moderately 
densely infiltrated. The lower border this infiltration has sharp convex line, 
vexity upward. Left apex moderately densely infiltrated. Mediastinal contents normal.. 
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22. 


No. (Case 4082).—Male, butcher; age years. Moderately advanced; active. 


Onset months ago with cold. Cough and expectoration moderate; slight pain 
left side; slight dyspnea. During his stay the sanatorium his general condition has 


remained good and his lung condition apparently much improved. 


Treatment duration months. 


Physical upper part left lung anteriorly the 
fourth rib. marked change breath sounds. Coarse cough left lung 


both anteriorly and posteriorly the base. 


X-Ray apex moderately densely infiltrated. First and 
second interspaces slightly stippled. Left apex and first and, second interspaces very 
densely infiltrated. and fourth interspaces moderately spotted. Mediastinal 


contents the left. Right lung area greatly increased. 
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23. 


No. (Case 4911).—Male, factory worker; age years. Advanced; inactive. 
Sputum admission, course treatment, and present. 

Onset months ago with symptoms grippe; began cough slightly, although 
weight was not lost. Diagnosis made sputum examination. Improved rapidly 


under sanatorium treatment and gained weight. Cough and expectoration markedly 
diminished. 


Height 163 cm. Theoretical normal 


Treatment duration months. 


Physical 1917. Right, moderate dullness, very harsh breathing. 
Numerous cough top fourth rib anteriorly, and sixth spine posteriorly. 
Left, moderate dullness, harsh breathing. cough third rib anteriorly, 
and fourth spine posteriorly. Signs cavity both sides anteriorly. 

X-Ray Signs.—April apex, cavity cm. diameter. First and 
second interspaces densely striated. Left apex, cavity cm. diameter. First and 
second interspaces densely infiltrated. Mediastinal contents normally placed. 
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24. 


No. (Case student; age years. Advanced; inactive. Sputum 

Onset months ago with acute cold, cough, and fever, soon followed night 
sweats. admission months ago improved rapidly general condition and weight, 
and now with minimum cough and expectoration and excellent general condition. 


Height Theoretical normal 59.0 


Treatment duration months. 


Physical Right lung clear. Left, moderate dullness, slight 
harsh breathing, and numerous fine rales cough anteriorly fourth rib and posteriorly 
sixth spine. 

X-Ray Right apex very slightly stippled apex densely 
stippled and striated. Second interspace densely infiltrated and stippled, with cavity 
the fourth interspace very small cavity the size Mediastinal 
contents normally placed. 
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25. 


No. (Case 4300).—Male, machinist; age years. Advanced; active. Sputum 

Onset months ago with malaise, weakness, and loss kg. weight. Later 
severe cough, moderate expectoration, and Fever, 100-101°F. During 
his stay the sanatorium the fever has subsided and cough improved; change other- 
wise. 


Treatment duration months. 


Physical slight dullness the first interspace 
the left side Dullness both apices posteriorly. The breath sounds are increased 
the right apex anteriorly and posteriorly. Coarse rales cough right apex the 
second rib; below this fine the fifth rib. Posteriorly coarse rales upper part 
right lung the angle the scapula. Coarse cough left lung the base 
anteriorly and the angle the scapula posteriorly. 

X-Ray apex and first interspace densely infiltrated. 
Second and third interspaces slightly infiltrated and spotted. Rest lung normal. 
Left apex and first, second, and third interspaces densely infiltrated and spotted. Medias- 
tinal contents centrally placed. Trachea little the right. 
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26. 


No. (Case customs inspector; age years. Advanced; active. 

Onset months ago with slight cough and expectoration. Loss kg. weight. 
Sputum blood-streaked. His general condition during his hospital stay has remained good. 
has had several slight hemoptyses. His lung condition apparently unchanged. 


Height 168 cm. ‘Theoretical normal 63.0 


Treatment duration months. 


Physical 1917. Slight dullness over right lung, anteriorly the 
fourth rib and posteriorly the angle the scapula. Dullness left apex anteriorly. 
Harsh breath sounds right apex. Slightly increased breath sounds left apex poste- 
riorly. Fine moist rales cough upper part right lung the third rib anteriorly 
and the angle the scapula posteriorly. Medium moist cough left lung 
the base, both anteriorly and posteriorly. 

X-Ray apex and first and second interspaces moderately 
densely infiltrated. Left apex and first, second, and third interspaces quite densely stip- 
pled and infiltrated. Mediastinal contents are entirely the left. Right lung area much 
increased. 
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27. 


admission, course treatment, and present. 

Onset months ago with severe cough. Later fever and chills. Slight pain chest. 
Tendency tire easily. His general condition has remained poor under sanatorium 
treatment with the lung condition progressive. 


Height Theoretical normal 70.5 
Date highest weight months ago.................... 


Treatment duration months. 


Physical dullness right apex the second rib. 
Moderate dullness right apex posteriorly. Harsh breath right apex the second 
rib. Increased breath sounds left apex the third rib. Breath sounds increased 
both apices posteriorly. Medium moist rales cough right lung from apex fourth 
rib anteriorly, and from apex below the angle the scapula posteriorly. Medium 
moist cough left apex the second rib anteriorly; below this fine rales the 
base. Posteriorly medium moist cough from the apex inch above the angle 
the scapula. 

X-Ray Right apex perfectly clear. First, second, and third 
interspaces densely infiltrated. The apex may excavated, but does not give physical 
signs cavity. There small cavity cm. diameter the inner end the first 
interspace. Left apex and first and second interspaces densely infiltrated and spotted. 
Third and fourth interspaces slightly infiltrated and spotted. Mediastinal contents 
normally placed. 
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28. 


No. (Case 4346).—Male, pattern maker; age years. Advanced; inactive. Spu- 
tum admission. 

Onset months ago with fever, chills, and night sweats. Cough and expectoration 
moderate. fistula. Anorexia, hoarseness, and return fever months ago. 
Loss 4.5 kg. weight since. During his stay the hospital his general condition has 
been unchanged and his lung condition about the same. 


Height Theoretical normal 69.0 


Treatment duration month. 


Physical 1917. dullness right apex the second Dull- 
ness upper part left lung from the second the fourth ribs. Left apex dull posteriorly. 
The breath sounds are increased from the clavicle the fourth rib the left side. 
Medium moist rales cough the right apex the third rib. Medium moist 
cough the right apex posteriorly. Medium moist cough from the clavicle 
the sixth rib the left side, and posteriorly from the apex point midway between 
the spine and angle the scapula. 

X-Ray Right, moderate infiltration, spotting, and striation 
the apex and first interspace. Left, moderate spotting and striation the apex. 
Slight spotting the first interspace. Dense spotting the second interspace; cavity 
the outer half. Third interspace moderately spotted and striated. Fourth 
interspace densely spotted and striated. Small cavity under clavicle. Mediastinal 
contents markedly the left. Right lung area greatly increased. 
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29. 


No. (Case 3952).—Male, jeweler; age years. Advanced; inactive. Sputum 

Onset months ago with cough; severe from the beginning and unaccompanied 
other symptoms except slight expectoration later. His general condition under sana- 
torium treatment has remained good; lung disease increased. 


Height Theoretical normal 66.0 
Date highest weight months 78.0 


Treatment duration months. 


Physical resonance percussion over the right 
apex anteriorly the second rib. Diminished breath sounds over the entire left lung, 
anteriorly and posteriorly. Coarse cough right lung anteriorly from apex 
base. Posteriorly fine rales cough from apex angle scapula. Coarse 
cough left lung from the clavicle above the sixth rib heard posteriorly. 

X-Rays apex and first and second interspaces moderately 
densely infiltrated. Left, fifth and sixth interspaces moderately densely infiltrated. 
Mediastinal contents normal. 
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Text-Fic. 30. 


No. (Case farmer; age years. Advanced; active. Sputum 

Onset months ago with cough. began months later. Several 
small hemoptyses; moderate dyspnea. General condition bettered sanatorium treat- 
ment; lung condition slightly progressive. 


Treatment duration months. 


Physical dullness over right apex anteriorly the 
second rib, posteriorly the spine. Moderate dullness over left lung anteriorly the 
third rib; posteriorly marked change. Breath sounds upper part right lung 
harsh apex, bronchial second interspace. Breath sounds increased upper part 
left lung the third rib anteriorly. Coarse cough right lung base ante- 
riorly; posteriorly medium cough from apex angle scapula Medium 
rales cough left lung from clavicle above the base; posteriorly fine cough 
from apex inch below the angle the scapula. 

X-Ray apex and first, second, and third interspaces very 
densely spotted and infiltrated. Moderate sized cavity the first interspace. Left 
apex moderately spotted. Mediastinal contents are normal. 
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No. (Case sheet metal worker; age years. Advanced; active. 

Onset months ago with cold. Cough moderate; profuse; slight loss 
weight; later chills and afternoon temperature Has been continuously 
toxic during stay sanatorium; lung lesion progressive. 


Theoretical normal weight. 68.5 


Treatment duration months. 


Physical anteriorly over the left lung from apex 
the sixth rib. Cracked pot percussion the second, third, fourth, and fifth inter- 
spaces. posteriorly over the left lung from the apex the angle the scapula. 
Breath sounds harsh posteriorly right apex. great change right lung anteriorly. 
Diminished breath sounds left lung posterior base. Anteriorly slightly increased 
left apex, cavernous the third, fourth, and fifth interspaces. 

Right apex second rib cough medium moist second fourth sibi- 
lant. Posteriorly medium moist cough from apex the spine the scapula. Fine 
and medium moist rales cough left lung anteriorly and posteriorly from apex base. 

X-Ray apex and first interspace moderately densely 
infiltrated. interspace moderately densely infiltrated. Entire left lung densely 
spotted. Large Mediastinal contents markedly the left. Right 
lung area greatly increased. 
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the charts the numbers below indicate the maximum excursion the right and 
left diaphragm. numbers above the chart refer the individual diagrams and 
descriptions (Text-figs. 31). 


Text-Fic. 32. Lung volumes men with incipient pulmonary tuberculosis 
determined (solid lines) and calculated (broken lines) from thoracic measurements. 
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33. Lung volumes men with moderately advanced pulmonary tuberculosis determined 


(solid lines) and calculated (broken lines) from thoracic measurements. 
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34. Lung volumes men with advanced pulmonary tuberculosis deter- 


mined (solid lines) and calculated (broken lines) from thoracic measurements. 
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STUDIES LUNG VOLUME. 
III. WoMEN. 


GARVIN, M.D., CHRISTEN LUNDSGAARD, M.D., DONALD 
VAN SLYKE, 


(From the New York State Sanatorium for Tuberculosis, Ray Brook, and the Hospital 
The Rockefeller Institute for Medical Research, New York.) 


(Received for publication, September 15, 1917.) 
INTRODUCTION. 


the preceding paper (Garvin, Lundsgaard, and Van Slyke) 
report was made series determinations the different lung 
volumes thirty-one adult men suffering from pulmonary tuber- 
culosis. comparison was drawn between the actual values and 
the values calculated from the chest dimensions the basis cer- 
tain ratios previously worked out normal subjects (Lundsgaard and 
Van Slyke). The literature concerning pulmometry pulmonary 
tuberculosis given the preceding paper. 

The present paper report similar determinations twenty 
adult women with phthisis. The technique determining the lung 
volumes, measuring the chest wall, and determining the move- 
ment the diaphragm fully described Papers and II. The 
presentation the experimental and clinical observations the 
women carried out after exactly the same plan Paper II, 
where sufficient explanation can found. Only the explanation 
the symbols used the individual diagrams (Text-figs. 20) 
will repeated here: 


Physical Signs.— 
Light lines, slight dullness. 
Heavy lines, moderate dullness. 
Cross-hatching, marked dullness. 
Fine dots, fine rales. 
Larger dots, moderate and coarse 
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Small rings, large crackling 

Crosses, pleuritic rubs. 

Circles, antrum formation. 
There difference the interpretation horizontal and vertical lines. 
X-Ray Signs.— 

Lightly shaded lines, slight density shadow. 

Heavy lines, marked density. 

Circles, cavity. 

Dots, stippling, the larger the dots, the coarser the stippling. 
There difference the interpretation horizontal and vertical lines. 


The patients are divided into three groups, the incipient (Text- 
fig. 21), moderately advanced, and advanced cases. The last two 
groups, however, are described together and the values put together 
Text-fig. 22. Nos. and are advanced (Group Paper 
the rest are moderately advanced (Group Paper II). The 
reason for this that there is, pointed out Paper sharp 


difference our results between patients belonging Groups and 


Group Incipient Cases (Nos. Text-Fig. 21). 


will remembered that the result the determinations 
nine men with incipient tuberculosis was (1) normal total capacity, 
(2) moderately increased residual air resulting (3) moderately 
diminished vital capacity. first sight the results the women 
seem quite opposite. The values Nos. and agree with 
those found the men, but Nos. and although they 
also are clinically incipient, great decrease the total and vital 
capacity isencountered. drop seen the middle capacity, 
whereas the residual air normal. 

However, sufficient cause can found account for this. No. 
was patient with miliary tuberculosis the lungs. She had 
both sides all over the lungs. No. had bronchial stenosis 
the left side; the left lung participated only small extent the 
ventilation. will seen that her left diaphragm moved the 
opposite direction the normal movement respiration. This 
probably was result the difficult passage the left lung. The 
observed vital and middle capacity about half the calculated. 
No. did not move her diaphragm all. The residual air, however, 
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not increased, which probably can looked upon indicating 
that her diaphragm fixed expiratory position. The inability 
lower the diaphragm inspiration must, course, diminish her 
total capacity considerable extent. 

The results the determinations these cases therefore confirm 
the previous findings men, and show that the total capacity 
diminished patients with incipient tuberculosis, some special 
cause found, such miliary tuberculosis, obstruction 
bronchi, inability move the diaphragm. 


Group II. Moderately Advanced and Advanced Cases (Nos. 20, 
Text-Fig. 22). 


Group (Nos. 20, moderately advanced and advanced cases) 
shows the same picture that was found men: (1) rule dimin- 
ished total capacity. all the cases except Nos. 10, 13, and 17, 
the total capacity below the normal minimum; these four cases 
above the normal minimum but below the normal average. 
(2) Decreased vital capacity. (3) Fairly normal residual air. (4) The 
middle capacity (not determined all cases) some patients nor- 
mal, others subnormal. mentioned before, not lay much 
stress the determination the middle capacity, because 
dependent not only anatomic but also functional factors. 
What the latter are not understand, but have seen subjects 
unconsciously inflate deflate the chest change the middle 
capacity several hundred centimeters. 


Excursions the Diaphragm. 


The technique described Papers and II. The excursions 
the diaphragm are, whole, smaller than normal subjects and 
agree with those found the men. one instance (No. 
movement was found all. evidence was found for mechani- 
cal obstacle the pleura, lungs, Whether the diaphragm 
was paralyzed through involvement the phrenic nerves, whether 
was due reflex, not know. another case (No. 
the left half the diaphragm moved the direction opposite 
the Sufficient explanation found the fact that the left 
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TABLE 


Influence Change Position and Exercise Pulse and Respiration. 


No. Resting Standing up. After having run three flights stairs. 
indi- 
Respi- Respi- Respi- 
Group 
slows quickly. 
hands. 
bing temples. 


face flushed; hands cya- 
notic. 

flushed. 


flushed. 
flushed. 
dyspneic. 


slightly pale. 


nea; face flushed; weak 
pulse. 


pulse very weak. 


Group composed moderately advanced cases (Group Paper II) 
and advanced cases (Group III Paper 


roup 
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main bronchus was almost obstructed. inspiratory movement 
the thoracic wall could, under these conditions, result upward 
movement the diaphragm this side. 


Influence Change Position and Exercise Pulse and Respiration 
(Table I). 


The increase pulse rate exercise still more marked the 
women than the men. The rate respiration also somewhat 
increased. whole, men such increase the respiration 
was found. 


SUMMARY. 


The total capacity, middle capacity, and residual air have been 
determined twenty adult women suffering from pulmonary tuber- 
culosis. chest volumes have been determined each case and 
the normal lung volumes calculated means the ratios worked 
out Paper and applied thirty-one men Paper II. The ex- 
cursions the diaphragm have been determined fluoroscopy 
all cases. 

eight patients with incipient tuberculosis, five had lung capacities 
like those men the same about normal total capacity, 
slightly increased residual air, and consequently somewhat decreased 
vital capacity. Three had considerably diminished total capacity. 
these three patients, however, clinical abnormalities were found 
(extensive miliary tuberculosis, obstruction bronchus, fixation 


diaphragm expiratory position). 


twelve patients with moderately advanced and advanced tuber- 
culosis, the results agreed with those found the total 
capacity and vital capacity being decreased, while the residual air 
was practically normal. 


Garvin, A., Lundsgaard, C., and Van Slyke, D., Exp. Med., 1918, xxvii, 87. 
Lundsgaard, C., and Van Slyke, D., Exp. Med., 1918, xxvii, 65. 


Paper 
extensive bibliography can found the two preceding papers. 
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No. (Case 4167).—Female, factory worker; age years. Incipient; active. Sputum 

Onset months ago with slight cough, blood-streaked sputum, and loss weight 
and strength. Under treatment has gained weight but disease still slightly active. 
Physical signs have increased slightly the past months, and previous negative sputum 
has become positive. 


Treatment duration months. 


fine rales with cough only posteriorly fourth spine. Left, upper lobe normal; poste- 
riorly there are moist from base ninth dorsal spine with aid cough; dullness 
breath sound change this area, and signs are intrapulmonic (not affected breath- 
ing and diaphragm has normal excursion). (See illustration normal volume.) 

X-Ray 1917. Right apex moderately densely infiltrated. Root 
slightly infiltrated. Left lung practically normal (see physical examination). Medias- 
tinal contents normal. 
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No. (Case 4247).—Female, student; age years. Incipient; inactive. Sputum 


Onset months ago with cough and blood-streaked sputum. Under sanatorium 
treatment symptoms have disappeared and physical signs have diminished number. 


Height Theoretical normal 52.0 


Treatment duration months. 


Physical Right, slight impairment resonance; breath sounds 
are little harsh; fine rales appear with aid cough the third rib anteriorly and fourth 


spine posteriorly. Left lung seems normal. 


X-Ray apex and first, second, and third interspaces 
very slightly stippled and striated. Left lung normal. Mediastinal contents are 


little the right. Left lung area increased. 
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No. (Case 4164).—Female, domestic; age years. Incipient; inactive. 

Onset months ago with malaise and loss strength; slight cough with ‘streaked 
sputum for few days. Under sanatorium treatment symptoms have diminished and 
physical signs have disappeared. 


kg. 


Treatment duration months. 


Physical lung seems normal. Left lung seems normal. 
Patient has had tubercle bacilli sputum within weeks. 

X-Ray 1917. Right lung clear. Left apex stippled and striated 
moderately the second contents normal. 
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Text-Fic. 


No. (Case student; age years. Incipient; inactive. Sputum 

Onset months ago with cough following influenza. Under sanatorium treatment 
symptoms have disappeared, and physical signs diminished about per cent. 


kg. 
Height Theoretical normal 51.0 


Treatment duration months. 


Physical apex, slight dullness; breath sounds diminished; 
fine and moist third rib anteriorly and spine scapula posteriorly. Right 
base posteriorly gives fine friction rubs deep breathing. 

X-Ray lung fairly normal. Left apex and first inter- 
space moderately densely infiltrated. Mediastinal contents normal. 
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No. (Case 4190).—Female, stock clerk; age years. Incipient; inactive. Chronic 
miliary tuberculosis the right lung. Sputum admission and course 
treatment. 


Onset months ago with slight cough and malaise, and dyspnea exertion. Under 
treatment has improved symptoms while the signs have remained the same. 


Date highest weight months 59.0 


Treatment duration months. 


breath sounds; few rales after cough fairly well disseminated throughout the right lung. 
Left, change resonance breath sounds; few friction rubs the base. 

X-Ray lung shows very fine discrete spotting through- 
out. Left apex and first and second interspaces show slight spotting and striations. 
Mediastinal contents normal. 
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No. (Case 4151).—Female, student; age years. Left primary 
bronchus obstruction (large gland). Sputum admission, course treat- 
ment, and present. 

Onset months ago with malaise, slight cough, and dyspnea. Under treatment 
she has gained much weight, still dyspneic, but feels much better. Physical signs 
unchanged. 


kg. 


Treatment duration months. 


Left, breathing diminished; coarse loud rales throughout left chest. 

X-Ray Signs.—April lung little hazy throughout. Left lung, apical 
space slightly infiltrated; rest the lung shows very fine slight spotting full inspiration. 
Mediastinal contents are left. Right lung area much increased. 
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No. (Case 4309).—Female, student; age years. Incipient; inactive. Sputum 

Onset months ago with malaise and slight cough. Under treatment symptoms and 
signs have markedly diminished. Patient feels perfectly well. 


Height 157 cm. Theoretical normal 52.0 


Treatment duration months. 


Physical 1917. Right lung normal. Left, slight dullness below 
clavicle; breath sounds are little harsh; rales over second and third interspaces ante- 
riorly and fourth spine posteriorly with aid cough. 

X-Ray Right lung normal. Left, first and second interspaces 
moderately densely infiltrated. Mediastinal contents normal. 
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No. (Case 3996).—Female, trained nurse; years. Sputum 


Onset months ago with malaise and cough. Under sanatorium treatment general 


condition much improved. 


Height 172 cm. Theoretical normal 68.0 


Treatment duration months. 


Physical 1917. Right, slight impairment resonance; slight in- 
crease sharpness breath sounds; rales. Left, slight dullness; breath sounds slightly 


X-Ray apex moderately densely infiltrated and spotted; 
rest lung normal. Left apex moderately densely infiltrated and spotted; rest lung 


normal. contents slightly the left. 
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No. (Case 4061).—Female, saleswoman; age years. Sputum 

Onset months ago with malaise, cough, expectoration, and slight loss weight. 
Under sanatorium treatment general condition has slightly improved, the physical signs 
remaining the same. 


Height Theoretical normal 58.5 


Treatment duration months. 


Physical slight dullness; breath sounds are moderately 
harsh; rales occur apex fifth rib anteriorly and sixth spine posteriorly with aid 
cough; cavernous breathing right apex. Left, moderate dullness; breath sounds 
are markedly harsh; medium moist type fifth rib anteriorly and sixth spine 
posteriorly, greatly increased cough. 

X-Ray apex and first interspace densely infiltrated; 
cavity under the clavicle cm. Left apex and first and second interspaces 


quite densely infiltrated; cavity below the clavicle Mediastinal contents cen- 
trally placed. 
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10. 
No. (Case 4314).—Female, housewife; age years. Moderately advanced 
Onset months ago with malaise, cough, and expectoration; loss strength followed; 


slight temperature. Under treatment symptoms became stationary, but lesion has 
progressed slightly. 


Height Theoretical normal 53.5 


Treatment duration months. 


Physical 1917. Right, marked impairment resonance; breath 
sounds harsh; coarse moist breathing, with increase number with cough 
fourth rib anteriorly and sixth spine posteriorly. Left, slight impairment 
nance; change breath sounds; fine moist increased cough third rib ante- 
riorly and fourth spine posteriorly. 

X-Ray apex densely spotted; first and second inter- 
spaces clear; third interspace moderately densely spotted. Left apex and first and sec- 
ond interspaces moderately densely spotted. Mediastinal contents normal. 
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11. 


No. (Case 4059).—Female, stenographer; age years. Moderately advanced; 
active. Sputum admission, course treatment, and present. 

Onset months ago with cough, malaise, and loss weight. Under sanatorium 
treatment general condition improved and symptoms diminished markedly although 
physical signs increased. 


keg. 
Height Theoretical normal 54.5 


Treatment duration months. 


Physical slight dullness; breath sounds slightly harsh; 
fine moist second rib anteriorly and third spine posteriorly, much increased with 
cough. Upper part left lung, marked dullness apex third rib anteriorly, and 
spine posteriorly; breath sounds amphoric anteriorly, harsh posteriorly; medium 
moist rales fourth rib anteriorly and fifth spine posteriorly. Cough increased the 
number signs. 

X-Ray Right apex and first and second interspaces moderately 
spotted. Left apex and first interspace very dense; second interspace very finely stippled. 
Mediastinal contents entirely the left. Right lung area much increased. 
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12. 


No. (Case 3882).—Female, clerk; age years. Moderately advanced; inactive. 

Onset with cough years ago; malaise and loss weight followed. Later high 
temperature with right base fluid which cleared spontaneously days. Under 
symptoms have markedly improved and lesion has become stationary. 


Height 157 cm. Theoretical normal 


Treatment duration months. 

Physical Right, marked dullness fourth rib; harsh breath- 
ing; medium moist rales numerous with, and fewer without aid cough fourth rib 
anteriorly and sixth spine posteriorly. Left, marked dullness third rib; harsh breath- 
ing; are rather moist, increased cough, third rib anteriorly and fourth spine 
posteriorly. 

X-Ray Right apex and first and second interspaces moderately 
densely stippled and striated. Left apex and first interspace moderately densely stip- 
pled and striated. Mediastinal contents normal. 
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13. 


No. (Case 4191).—Female, factory worker; age years. Moderately advanced; 
active. Sputum admission, course treatment, and present. 

Onset months ago with hemoptysis. With sanatorium treatment symptoms mark- 
edly decreased, but physical examination shows increase the size the lesion. 


kg. 
Height 157 cm. Theoretical normal 


Treatment duration months. 


Physical 1917. Right, slightly dull; breath sounds slightly harsh; 
medium moist rales third rib anteriorly and fourth spine posteriorly, very much 


increased cough. Left, dullness; breath sounds slightly harsh; medium moist 
third rib anteriorly and fourth spine posteriorly, much increased with the aid 
cough. 


X-Ray apex and first and second interspaces moderately 
densely infiltrated. Left apex and first and second interspaces moderately densely 
infiltrated. Mediastinal little the left. 
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14. 


No. (Case stenographer; age years. Moderately advanced; 
inactive. Sputum admission, course treatment, and present. 

Onset months ago with cough and expectoration; physical discomfort. Under 
treatment cough has diminished and weight increased. Physical signs have diminished 
markedly. 


kg. 


Treatment duration months. 


Physical Right lung normal. Left, slight dullness over third, 
fourth, and fifth interspaces anteriorly; breathing harsh over this area; fine after 
cough thisarea. there are physical signs. 

X-Ray Signs.—April lung clear. Left, first, second, and third inter- 
spaces moderately densely infiltrated. Mediastinal contents markedly the left. Right 
lung area much increased. 
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Text-Fic. 15. 
No. (Case 4192).—Female, clerk; age years. Moderately advanced; inactive. 
Onset months ago with cough and slight hemoptysis. Under treatment general 
condition improved slightly, but rale area indicates increase disease. 


kg. 
Height Theoretical normal 53.0 


Treatment duration months. 


Physical slight dullness; breath sounds slightly harsh; 
medium fine moist second rib anteriorly and sixth spine posteriorly with aid 
cough. Left, slight dullness; breath sounds normal; medium moist apex 
third rib anteriorly and fourth spine posteriorly with aid cough. 

X-Ray Right apex and first interspace slightly stippled and 
striated. apex and first and second interspaces moderately stippled and striated. 
Mediastinal contents normal. 
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16. 


No. (Case 3947).—Female, cashier; age years. Moderately advanced; active. 

Onset months ago with malaise, loss weight, pleurisy, and cough with expectora- 
tion. Under sanatorium treatment general condition and weight improved, and physical 
signs have diminished. 


Height 156cm. Theoretical normal 52.0 


Treatment duration months. 


Physical Right, slight dullness second rib; breath sound 
change; after cough second rib anteriorly and fourth spine posteriorly. Left 
lesion gives the same signs almost exactly the same extent. months the physical 
signs have diminished about one-half. 

X-Ray apex and first interspace moderately densely 
spotted and striated; second and third interspaces finely stippled. Left apex and first 
and second interspaces present mixture coarse and fine stipplings. Mediastinal con- 
tents normal. 
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17. 


No. (Case domestic; age years. Moderately advanced; in- 
active. Sputum admission, course treatment, and present. 

Onset insidious months ago, with malaise, slight cough, and slight hemoptysis. 
Under sanatorium treatment symptoms disappeared and physical signs have diminished 
number. 


Height Theoretical normal 67.5 
Date highest weight months 58.0 


Treatment duration months. 


Physical resonance impaired third rib; harsh breath- 
ing; fine rales after cough fourth interspace anteriorly and fifth spine posteriorly. 
Left, resonance impaired second rib; breathing diminished intensity; fine 
after cough second rib anteriorly and fourth spine posteriorly. 

X-Ray 1917. Right apex and first interspace slightly stippled and 
striated; the fourth and fifth interspaces are very slightly stippled. Left apex and first 
and second interspaces are slightly striated and stippled. Mediastinal contents cen- 
trally placed. 
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18. 


No. (Case factory worker; age years. Moderately advanced; 
active. Sputum admission, course treatment, and present. 
Onset months ago with cough and expectoration; later marked temperature de- 


veloped. Under treatment symptoms have improved, but physical signs have increased 
slightly. 


kg. 
Date highest weight months 63.5 


Treatment duration months. 


Physical 1917. slight impairment resonance; breath sounds 
are little increased intensity; numerous fine and moist with cough third rib 
anteriorly and fourth spine posteriorly; few this area breathing without 
cough. Left, marked dullness; breath sounds are diminished intensity; rales breath- 
ing, but much increased number cough, extending fourth rib anteriorly and sixth 
spine posteriorly. 

X-Ray Right apex clear; first, second, and third interspaces 
slightly spotted and striated. Left apex and first and second interspaces very dense; 
third interspace less dense. contents Right lung area increased. 


151 


152 STUDIES LUNG 


No.19 (CASE 3908) 
cm. Cm. Ss 
8 


PHYSICAL SIGNS 
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LUNG CAPACITY 


EXCURSION (FLUOROSCOPE) 


No. (Case 3908).—Female, factory inspector; age years. Advanced; active. 

Onset months ago with malaise, slight loss weight, slight cough, and slight tem- 
perature. Aphonia for last months (tuberculous laryngitis). Under sanatorium 
rest temperature has become normal; lung lesion has progressed slightly. 


kg. 
Height 173 cm. Theoretical normal 64.0 


Treatment duration months. 


Physical 1917. Right, dull fifth interspace; harsh breathing; 
numerous very moist rales without cough through the lung anteriorly, and the seventh 
spine posteriorly. Left lung seems normal. 

X-Ray Right moderately densely spotted and striated 
the fourth interspace; cavity under the clavicle cm. diameter. Left lung clear. 
Mediastinal contents very markedly the right. Left lung area greatly increased. 
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20. 


No. (Case cotton mill worker; age years. Moderately advanced; 
active. Sputum admission, course treatment, and present. 

Onset months ago with malaise, loss weight, cough, and hemoptysis. Under 
sanatorium treatment the symptoms almost disappeared, and the signs are greatly 
diminished number. 


Height Theoretical normal 62.5 


Treatment duration months. 


Physical Right, moderate impairment resonance; breath 
sounds increased intensity and medium moist from apex rib anteriorly 
and sixth spine posteriorly with aid cough. Left lung seems normal. 

X-Ray Right apex and first interspace moderately densely 
infiltrated. Left apex slightly infiltrated. Mediastinal contents normal. 


XRAY SIGNS 
kg. 


— 
~on = 
: 
4 
| 
rT 


~ 
| 
| 
f 
i 
= 


H 


BER 


Maximum move- 


Inspiration 
ment diap 
centimete 


45 


Left 


22, Lung volumes women with moderately advanced and advanced (Nos. and 19) 


pulmonary tuberculosis determined (solid lines) and calculated (broken lines) from thoracic measure- 


ments. 
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THE SOLVENT ACTION ANTISEPTICS NECROTIC 
TISSUE. 


HERBERT TAYLOR, M.D., HAROLD AUSTIN, M.D. 
(From the Laboratories The Rockefeller Institute for Medical Research.) 


(Received for publication, October 1917.) 


The recent interest the chemical sterilization wounds has led 
the introduction numerous new antiseptics, each which has 
turn been advocated because some advantage, real apparent. 
For many these compounds, claims have been made which are 
not always confirmed carefully controlled experiments. Carrel 
and Dehelly' emphasize that, for the removal the necrotic tissue 
that remains after mechanical cleansing, Dakin’s hypochlorite solu- 
tion the antiseptic choice because its solvent action devital- 
ized tissue, and Dakin and also recognize the value the 
hypochlorite solution for this purpose. 

Dakin’s solution was shown Fiessinger and his 
have disintegrating action pus cells. Rous and have 
shown that intact leukocytes may protect virulent bacteria which 
they have phagocyted from the action antiseptics, and that subse- 
quently these bacteria may proliferate under suitable conditions. 
Dakin’s solution, its solvent action these leukocytes, mini- 
mizes the danger reinfection the wound from this source. Be- 
cause this action necrotic tissue, pus, and serum clot, Carrel and 
Dehelly recommend Dakin’s hypochlorite solution for the sterili- 


Carrel, A., and Dehelly, G., The treatment infected wounds, New York, 
1917, 150, 192. 

Dakin, D., and Dunham, K., handbook antiseptics, New York, 
1917, 14. 

Fiessinger, N., Moiroud, P., Guillaumin, O., and Vienne, G., Ann. med., 
1916, iii, 133. 

Rous, P., and Jones, S., Exp. Med., 1916, xxiii, 601. 
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zation infected has demonstrated the ability 
Dakin’s solution high dilution erode the tissues the tad- 
pole’s showed also that this occurred only after the 
circulation the part had been interrupted for some time, due 
the death the organism. 

this erosive action Dakin’s solution important factor, 
the following experiments were planned compare its solvent action 
with that certain other chlorinated antiseptics. Fiessinger and his 
concluded that the essential factor the solvent action 
the hypochlorites their alkalinity. Our experiments were therefore 
designed determine the importance three factors: the alkalinity, 
the nature the chlorinated antiseptic employed, and the chlorine 
concentration the latter. 


Method. 


The solvent action the various substances employed was tested 
liver tissue 100 cc. bottle. The mixture was thoroughly shaken 
every half hour for hours. portion was then removed 
centrifuge tube and each case centrifuged the same high speed 
for5 minutes. The volume the sediment thrown 
down was measured. The solvent action was shown diminution 
the amount sediment compared with that obtained from inert 
solutions such water normal saline solution. 

The liver emulsion was prepared Experiment from rabbit 
liver, the other experiments from cat liver. Experiments 
and the liver was purposely infected handling, placed the 
incubator 37°C. until thoroughly necrotic, cut into small pieces, 
suspended saline solution, shaken bottle with broken glass 
emulsify it, and strained through single layer gauze. Experi- 
ment cat liver was similarly emulsified and used after hours’ pres- 
ervation the ice box. The solutions employed were prepared 
follows: 


and Dehelly, G., The treatment infected wounds, New York, 
1917, 109. 


Bashford, F., Lancet, 1917, cxciii, 595. 
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water and normal saline solution. 
Weakly alkaline: solution sodium carbonate, gm., and sodium 
bicarbonate, gm. per liter water; this solution has approximately 
the alkalinity properly prepared Dakin’s solution. Strongly 
alkaline: 0.1 sodium hydroxide. 

Chloramine-T solutions were prepared 
dissolving the required amount chlorazene’ the appropriate con- 
trol solution obtain neutral, weakly alkaline, strongly alkaline 
chloramine solutions. 

Hypochlorite alkaline: ordinary Dakin’s solu- 
tion prepared either from bleaching powder the action liquid 
chlorine sodium carbonate solution, either case with careful 
control the degree alkalinity well the hypochlorite 
content. Neutral: chlorine gas passed through sodium carbonate 
solution, gm. per liter, until the solution just ceased give flash 
pink upon the addition alcoholic solution phenolphthalein, 
per cent; the hypochlorite content was determined titration, and 
the solution diluted with water the desired strength. Thissolution 
was always prepared immediately before use, considerable pro- 
portion the total hypochlorite present hypochlorous acid, 
and the decomposition the solution very rapid (Cullen and 
Austin’). Strongly alkaline: double strength neutral solution 
hypochlorite was prepared just described and immediately added 
equal volume 0.2 sodium hydroxide solution. 

Chlorinated oil and eucalyptol were mixed equal 
parts, and the same oils chlorinated according Dakin’s 

per cent solution was made chlorinated 
eucalyptol and then mixed with equal volume chlorinated 
paraffin oil. the experiments which the oils were used(Experi- 
ment Tube 9), except Experiment Tube 10, cc. liver emul- 
sion were added cc. water one the control solutions, 
and cc. the oil used were superimposed upon this mixture; 
the mixture was well shaken every half hour with rotary motion. 


Prepared the Abbott Laboratories, New York. 
Personal communication. 
Dakin, D., Brit. Med. J., 1915, ii, 318. 
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the end hours, after again being shaken, the oil was allowed 
separate from the aqueous suspension and cc. portions were 
immediately removed from the latter for centrifuging. Tube 
Experiment the cc. liver emulsion were introduced into 
cc. the oil without water and shaken continuously for hours. 

The sodium hypochlorite equivalent the hypochlorite and other 
chloramine solutions was determined the addition potassium 
iodide solution and glacial acetic acid cc. samples and titration 
the iodine liberated with 0.1 sodium thiosulfate. 


RESULTS. 


Experiment Table Solutions and being taken controls, 
solvent effect was noted after the action chloramine-T solution 
the chlorinated oils, with without dichloramine-T. Dakin’s 
solution, the other hand, had marked solvent action, which was 
apparent upon inspection the bottles, even the first minutes. 
This was accompanied pronounced bleaching the emulsion. 
still more rapid and marked action, similar character, was obtained 
from the strongly alkaline hypochlorite. Figs. and show the 
results this experiment the end hours. The reaction the 


TABLE 


Experiment 


liver emulsion cc. the following solutions: Sediment. 


cc. 


Neutral chloramine-T, 0.5 per cent, equivalent sodium hypo- 


Neutral chloramine-T, 0.2 per cent, equivalent sodium hypo- 

Weakly alkaline hypochlorite, 0.5 per cent (Dakin’ solution) 0.05 
chlorinated paraffin oil and 0.28 


cc. liver emulsion cc. water, overlaid with cc. oil. 
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solutions used, however, varied, well the nature the antisep- 
tic substance. Experiment was therefore performed with solutions 
approximately the same reaction (Table II). 

The results this experiment confirm those observed Experi- 
ment Chloramine-T and dichloramine-T were without solvent 
action, whereas Dakin’s hypochlorite gave marked solution. 
Experiment Table III, the effect diminishing the concentration 
the antiseptic solution the same reaction was tested. Both 
weakly alkaline and strongly alkaline solutions were employed. 


TABLE II. 


Experiment 


cc. liver emulsion cc. the following solutions: Sediment. 
cc. 

Weakly alkaline carbonate-bicarbonate 1.27 

Weakly alkaline hypochlorite, stock Dakin’s solution (sodium hypo- 

Weakly alkaline carbonate-bicarbonate solution paraffin oil and 

Weakly alkaline carbonate-bicarbonate solution chlorinated paraf- 

Weakly alkaline carbonate-bicarbonate solution chlorinated paraf- 

fin oil and eucalyptol dichloramine-T, 7.5 per 1.32 


cc. liver emulsion cc. carbonate-bicarbonate solution, overlaid 
with cc. oil. 


This experiment showéd loss the solvent action weakly alka- 
line hypochlorite solutions, occurring suddenly between 0.2 and 0.3 
per cent sodium hypochlorite concentration. the strongly alka- 
line solutions the solvent action was marked, even the lowest hypo- 
chlorite concentration employed. This experiment, taken con- 
junction with the well known rapid drop the sodium hypochlorite 
titer Dakin’s solution contact with tissues, indicates that any 
solvent action resulting from its application clinically may ex- 
pected occur the first few minutes and emphasizes the impor- 
tance frequent flushing wounds with the solution. 
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order distinguish between the effects alkalinity and hy- 
pochlorite concentration, Experiment was performed (Table IV). 
The neutral hypochlorite solutions were prepared described above. 
For the neutral control, saline solution was employed. The weakly 
alkaline hypochlorite solutions the column headed al- 
kaline due were prepared already described, ex- 
cept that the chlorine gas was passed into sodium hydroxide solution 
instead into sodium carbonate, thus producing solution which 


TABLE 
Experiment 
cc. liver emulsion cc. the following solutions: Sediment. 
cc. 
Neutral chloramine-T, per cent, equivalent sodium hypochlorite, 
Weakly alkaline hypochlorite (sodium hypochlorite, 0.5 0.01 
4 “ “ “ “ 0.4 0.01 
5 “ “ “ 0.3 “ “ 0.02 
6 “ “ 0.2 “ “ 0.22 
Water chlorinated oil and eucalyptol dichloramine-T, 
Chlorinated paraffin oil and eucalyptol dichloramine-T, 7.5 per 


cc. liver emulsion cc. water, overlaid with cc. oil. Shaken 
continuously for hours. 
liver emulsion cc. oil. Shaken continuously for hours. 


the alkalinity was due almost entirely sodium hypochlorite, and 
which was without buffer substances. The hypochlorite solution 
the column headed “Weakly alkaline due 
and the strongly alkaline solution were prepared exactly described 
above. Table shows that the control solutions solvent action 
occurred only the strongly alkaline solution. somewhat more 
marked solvent action was obtained when hypochlorite, even the 
low concentration 0.1 per cent, was added the alkali. sol- 
vent action was obtained the weakly alkaline control, compared 
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with the neutral control normal saline solution. When hypochlor- 
ite was added the weakly alkaline carbonate-bicarbonate solution, 
when weakly alkaline solution sodium hypochlorite without 
carbonates was prepared, solvent action was present concen- 
tration 0.1 per cent, but was marked concentration 0.2 
per cent. The change solvent action resulting from small varia- 
tions hypochlorite concentration about 0.2 per cent was striking, 
confirming the results Experiment absence solvent ac- 
tion Dakin’s solution below hypochlorite concentration 
contrasts sharply with the marked bactericidal action the same 
lococcus neutral solution hypochlorite concentration 
0.2 per cent, solvent action was very slight. 0.3 per cent 
was moderate, and 0.5 per cent marked. 


TABLE IV. 


Experiment 


Reaction solutions. 


Weakly alkaline. 
Hyrochlorite 


per cent ce. cc ce. 
0.5 0.01 0.01 0.01 Tr. 
0.3 0.04 0.01 0.01 
0.2 0.10 0.01 0.01 
0.1 0.14 0.13 0.12 

Control. 0.12 0.12 0.04 


Experiment serves final control the solvent action alkali 
alone, chloramine-T added neutral, weakly alkaline, and strongly 
alkaline solutions, and hypochlorite solutions the three grades 

alkalinity. clear that chloramine-T, even per cent solu- 
has solvent action except that due the alkalinity the 
solution which dissolved, and that therefore without this 


D., Cohen, B., and Kenyon, J., Brit. Med. J., 1916, 160. 
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action the grade alkalinity permissible for clinical use. the 
other hand, 0.5 per cent neutral sodium hypochlorite-hypochlorous 
acid solution (Tube has marked solvent effect, which must 
attributed the action the chlorine unaided alkali. Fig. 
shows the results Experiment (Table the end hours. 


TABLE 
Experiment 


cc. liver emulsion cc. the following solutions: Sediment. 


Weakly alkaline control 0.24 
Neutral chloramine-T, per cent, equivalent sodium hypochlorite, 
Weakly alkaline chloramine-T, per cent, equivalent sodium hy- 
Strongly alkaline chloramine-T, per cent, equivalent sodium hy- 
Neutral hypochlorite (sodium hypochlorite, 0.5 per cent)............ 
Weakly alkaline hypochlorite (sodium hypochlorite, 0.5 per cent 
Strongly alkaline hypochlorite (sodium hypochlorite, 0.5 per 


on 


on 


Experiments upon leukocytes, erythrocytes, and plasma clot the 
various solutions employed the five experiments described gave re- 
sults practically identical with those obtained with liver emulsion. 
When, however, discs blood clot were employed, solvent action 
could not demonstrated except, possibly, slight degree the 
strongly alkaline solutions. Blood clot the most resistant the 
substances studied against the solvent action the solutions used. 


DISCUSSION. 


From the results recorded above, seems justifiable lay con- 
siderable stress the relatively great solvent ac.ion Dakin’s hy- 
pochlorite solution contrasted with the more recent and more 
stable chloramines Dakin. also seems probable that its 
greater ability dissolve necrotic tissue, plasma clot, and leukocytes 
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owes its chief claim preference over the chloramines the treat- 
ment infected wounds. Curves shown Carrel and 
demonstrate the relative ease with which this solution will sterilize 
grossly infected wounds the initial presence much necrotic tissue 
and pus. 

The results our experiments show that the solvent action 
Dakin’s hypochlorite solution the degree alkalinity used clini- 
cally due primarily its hypochlorite content. The slight alka- 
linity Dakin’s solution, while itself without solvent action, does, 
however, increase the effectiveness the hypochlorite. are com- 
pelled differ, therefore, from Fiessinger and his coworkers,? who 
attributed this action the hypochlorite solutions their alkalinity. 
our weakly alkaline solutions, the solvent action the hypochlor- 
ite solution ceased abruptly about 0.2 per cent sodium hypochlorite 
concentration. This phenomenon occurs lower hypochlorite con- 
centration the reaction the solution becomes more alkaline and 
vice versa. Even neutral solutions, marked solvent action occurs 
hypochlorite-hypochlorous acid concentration 0.5 per cent. 
the alkalinity which equal 0.1 sodium hydroxide 
exerts solvent action the absence any other factor. Such 
solution, however, not available for clinical use because its irri- 
tating properties. 

Chloramine-T failed these experiments exhibit any solvent ac- 
tion not explicable effect the alkalinity the solution 
which was dissolved, and dichloramine-T was also wholly without 
solvent action. The results our experimental studies 
therefore, support the clinical observations Dakin and his associ- 
who assert that “the chlorin dichloramin-T, the 
hypochlorites, has the power dissolving dead similar 
conclusions reached who states: ‘‘The dichloramin-T also 
possesses marked degree the characteristic power the chlorin 
solutions aiding the digestion and removal necrotic, sloughing 


Carrel, A., and Dehelly, G., The treatment infected wounds, New York, 
1917, 162, 170. 

Dakin, D., Lee, E., Sweet, E., Hendrik, M., and Conte, 
G., Am. Med. Assn., 1917, 30. 

Sweet, E., Am. Med. Assn., 1917, lxix, 1076. 
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tissues. The new solution seems more effective cleaning slough- 
ing tissue than the older chlorin compounds.” seems probable that 
the greater solvent action hypochlorite solution, contrasted with 
the chloramines, related the greater instability the former. 
have been unable demonstrate solvent action blood clot 
from any the solutions reaction available for clinical use. 


CONCLUSIONS. 


Dakin’s hypochlorite solution has the power dissolving ne- 
crotic tissue, pus, and plasma clot the concentration and reaction 
used clinically. 

Chloramine-T and dichloramine-T not exhibit this action. 

The solvent action Dakin’s hypochlorite solution the de- 
gree alkalinity used clinically due primarily its hypochlorite 
content, but its slight alkalinity, while itself without solvent action, 
enhances the effectiveness the hypochlorite. 

the degree alkalinity used clinically, the solvent action 
hypochlorite absent below about 0.2 per cent sodium hypochlorite 
concentration. 

The hypochlorite concentration which the solvent action 
ceases lower the more alkaline the solution, and vice versa. 

None the antiseptics studied had demonstrable solvent 
action blood clot. 


EXPLANATION PLATE 


Fic. Photograph bottles Experiment (Table I). 
Fic. Photograph centrifuged samples from Experiment (Table I). 
Fic. Photograph centrifuged samples from Experiment (Table V). 
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